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generally  reported  on  this  table.  If  a  field  duplicate  sample  was  analyzed,  the  greater  of  the  two  results  is  reported. 

(2)  Only  the  six  primary  chlorinated  VOCs  and  fuel  hydrocarbons  VOCs  arc  reported  on  this  table. 

(3)  Sample  quantitation  limits  may  vary  due  to  sample  volume,  dilutions  and  the  method  of  analysis  utilized. 

(4)  Surrogate  recoveries  are  not  shown. 
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(4)  Surrogate  recoveries  are  not  shown. 
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(4)  Surrogate  recoveries  are  not  shown. 
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(4)  Surrogate  recoveries  are  not  shown 
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(4)  Surrogate  recoveries  arc  not  shown. 
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generally  reported  on  this  tabic.  It  a  held  duplicate  sample  was  analyzed,  the  greater  of  the  two  results  is  reported 

(2)  Only  the  six  primary  chlorinated  VOCs  and  fuel  hydrocarbons  VOCs  are  reported  on  this  table. 

(3)  Sample  quantitation  limits  may  vary  due  to  sample  volume,  dilutions  and  the  method  of  analysis  utilised. 
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(2)  Only  the  six  primary  chlorinated  VOCs  and  fuel  hydrocarbons  VOCs  are  reported  on  this  table. 

(3)  Sample  quantitation  limits  may  vary  due  to  sample  volume,  dilutions  and  the  method  of  analysis  utilized. 

(4)  Surrogate  recoveries  are  not  shown. 
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(4)  Surrogate  recoveries  are  not  shown. 
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APPENDIX  B 


GEOLOGIC  LOGS,  GEOPHYSICAL  LOGS,  AMBIENT  FLOW  AND 
INDUCED-FLOW  TESTING  RECORDS  AND  RESULTS,  WELL 
CONSTRUCTION  DIAGRAMS,  MONITORING  WELL 
DEVELOPMENT  AND  SAMPLING  FORMS,  SURVEY  DATA, 
WELL  PERMITS,  WASTES  MANIFESTS,  AND  WELL 
ABANDONMENT  RECORDS 


022/S:\ES\WP\PROJECTS\730486\EnglandVApp  Lead  Shts.doc 


GEOTECHNICAL  LOGGING  REPORT 


CLIENT  AFCEE _ 

PROJECT  Engjand_  AFB  _ _ 

OCATION  Alexandria,  La _ 

ILL  CONTRACTOR  LaYne  Hestern _ 

ORILL  METHOO  Percussion  Hammer^ _ 

SAMPLE  METHOD  Cuttings _ 


WELL  TEST  LOGS 


Well  #1 


1—  (D 

Q) 

CL.  CD 

111  *4- 

Q"" 

PROJECT  NUMBER  730486_ _ 

OATE  DRILLEO  8/2J/98 _ 

BOREHOLE  DIAMETER  Uk _ 

SURFACE  ELEVATION  tk  HSL 

WATER  LEVEL  ,0-6?..ft- - 

LOGGEO  BY  Qevid  White _ 


i8  8 

s°  s 

CO 


0‘-4*  -  SILT:  brown,  non-plastic,  loose, 
moist.  25-30%  sand  and  clay. 


A'-T  -  CLAY:  brown,  medium  stiff,  plastic, 
25%  sand,  moist. 


7*— 12*  -  SILT:  brown,  semi-plastic,  30% 
sand,  saturated. 


12'-3V  -  CLAY:  brown,  stiff  to  very  stiff, 
plastic,  moist.  <10%  sand. 


31*-76*  -  SAND:  light  brown  to  light  gray, 
very  fine  to  fine,  unconsolidated,  heeving, 
saturated. 


76-79*  -  CLAY:  gray  to  olive  green 
mottled,  very  stiff,  plastic,  moist,  25% 

sand. _ 

Bottom  of  boring  at  79  feet . 
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CONTACT 

ELEVATION 


WELL  CONSTRUCTION  LOG  |  England  AFB 


SITE 

Alexandria,  LA 


COORDINATES 

237157.4225  /  1990831.049 


PROJECT  NUMBER 
730486 


GROUND  SURFACE  ELEVATION 


Soil  Boring  Cross-Reference  - 

Town  and  City  Afaxandna - 

County  and  State  ^aPldes>  LA - 

Installation  Date  (s)  S/21-23/98 - 

Drilling  Method  AP-1000  Percussion  Hammer 

Drilling  Contractor - — 

Drilling  Fluid  Nater  used  t0  assist _ 

heaving  sand. 


Development  Technique  (s)  /  Dates 

Completed  prior  to  initial 


ground  water  sampling. 


Fluid  Loss  During  Drilling  (gals) - 

Water  Removed  During  Development  (gals) 

230  -  8/25/98 


Static  Depth  to  Water  Date  g/l/9a - 

Static  Depth  to  Water  (feet)  J9I1 _ 

Well  Purpose  Monitoring  ground  water. _ 


Remarks  Monitor  well  was  screened  across 
entire  saturated  zone. 


Tests  run  on  well: 


Sample  for  VOC  82608 


Electromagnetic  Borehole  Ffoweter 


Gamma  Log  with  Resistivity 


Prepared  By 
Date  Prepared 


3  feet  protective  stick-up 


5,X5,X4"  concrete  pad  with 
4  bollard  posts 


Bentonite  Pellet  Seal - 

100-mesh  “Sugar  Sand"  Seal 
2"  0  Sch.40  Blank  PVC  Riser  - 


20/40  Grade  Silica  Sand 


2M  0  Sch.40  PVC  Screen 
(0.010”) 


Natural  Filter  Pack  (Stuff) 


WELL  NUMBER 

Well#! 


CASING  STICKUP 

-1.5 


round  surface 


III 
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GEOTECHNICAL  LOGGING  REPORT 


CLIENT  AFCEE^ - - 

PROJECT  Engjand_ AFB _ 

0 CATION  Alexandria,  La _ 

ILL  CONTRACTOR  iayne  Western _ 

ORILL  METHOO  Percussion  Hammer^ _ 

SAMPLE  METHOO  Cuttings _ 


WELL  TEST  LOGS  I 


Well  #2 


PROJECT  NUMBER  730488 - 

DATE  DRILLEO  6/2H?JL - 

BOREHOLE  OIAMETER  IMl - 

SURFACE  ELEVATION  ft  MSL 

WATER  LEVEL  1L2£1L - 

LOGGED  BY  Qavid  White 


IC 

V. 

h  <D 

CL  01 
LLl 

<u 

£ 

0’-6*  -  SILT:  brown,  non-plastic,  moist, 
30%  sand  and  clay. 


6*-13*  ~  CLAY:  brown,  stiff,  plastic,  30% 
sand,  moist. 


13’-16*  -  SILT:  brown,  semi-plastic,  30% 
sand,  wet.  _ 

16*— 31*  -  CLAY:  brown,  stiff  to  very  stiff, 
plastic,  moist,  <10%  sand. 


31‘-49’  -  CLAY:  brown/gray  mottled,  stiff, 
plastic,  moist,  20%  sand  and  increasing  with 
depth. 


49‘-76'  -  SANO:  light  brown  to  light  gray, 
very  fine  to  fine,  unconsolidated,  heeving, 
saturated. 


76*-80’  -  CLAY:  dark  brown,  very  stiff, 
plastic,  moist,  30%  sand.  _ 


80-88’  -  SANO:  light  brown  to  light  gray, 
very  fine  to  fine,  unconsolidated,  heeving, 
saturated. 


-v  88’-89’  -  CLAY:  dark  brown  to  dark  gray. 
\  very  stiff,  plastic,  moist,  <10%  sand. 


Bottom  of  boring  at  89  feet. 
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CONTACT 

ELEVATION 


PROJECT 


WELL  CONSTRUCTION  LOG  England  AFB 


PROJECT  NUMBER 
730486 


SITE 

Alexandria,  LA 


COORDINATES 

238394.2266  /  1991247.99: 


IGROUNO  SURFACE  ELEVATION 


Soil  Boring  Cross-Reference  WeH*2 - 

Town  and  City  Alexandria - 

County  and  State  Rapides,  la - 

Installation  Date  (s)  8/21/98 - 

Drilling  Method  AP-1000  Percussion  Hammer_ 

Drilling  Contractor - — — 

Drilling  Fluid  Water  used  to  assist _ 

heaving  sand.  _ 


Development  Technique  (s)  /  Dates 

Completed  prior  to  initial  _ _ 


ground  water  sampling. 


Fluid  Loss  During  Drilling  (gals) - 

Water  Removed  During  Development  (gals) 

285  -  8/25/98 


Static  Depth  to  Water  Date  9/,/?l - 

Static  Depth  to  Water  (feet)  /7-oe - 

Well  Purpose  Monitoring  ground  water. _ 


Remarks  Monitor  well  was  screened  across 
entire  saturated  zone. 


Tests  run  on  well: 


Sample  for  VOC  8260B 


Electromagnetic  Borehole  F (owe ter 


Gamma  Log  with  Resistivity  _ 


3  feet  protective  stick-up  — 

5’X5’X4"  concrete  pad  with  - 

4  bollard  posts 

Bentonite  Pellet  Seal - 

100-mesh  "Sugar  Sand"  Seal 
2"  0  Sch.40  Blank  PVC  Riser  - 


20/40  Grade  Silica  Sand 


2"  0  Sch.40  PVC  Screen 
(0.010") 


Natural  Filter  Pack  (Sluff) 


WELL  NUMBER 

Well#2 


CASING  STICKUP 
-1.5 


ground  surface 


Prepared  By  Nhite 
Date  Prepared  <0/3/98 


Parsons  Engineering  Science 
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Monitoring  Well  No.  Well  #4 


PROJECT:  England  AFB  Phase  II  Drilling 
LOGGED  BY:  David  White 

DRILLING  COMPANY:  Geo  Engineering/Warren  Drilling 


DATE:  2/4/99 
NORTHING:  238523.7110 
EASTING:  1991064.8907 


WELL  HOLE  OIA:  8"  OD 
DRILLING  METHOD:  Wet  Rotary 
HOLE  ELEV.:  88.97  ft.  MSL 


WELL  CONSTRUCTION 
DETAIL 


ft 


0-6’  -  SILT:  brown,  moist,  non-plastic,  rootlets  present, 
25%-30%  clay  and  sand. 


6*— 13'  -  CLAY:  brown,  medium  stiff,  plastic,  25%  sand, 
slightly  moist. 


13*— 16’  -  SILT:  brown,  semi-plastic,  30%  clay  and  sand, 
wet.  _ 


16'~49’  -  CLAY:  brown  to  reddish  brown,  stiff  to  very  stiff, 
plastic,  moist,  10%  sand. 


49’-75’  -  SAND:  light  brown  to  light  gray,  very  fine  to 
fine,  unconsolidated,  saturated. 


68-71’  small  amount  of  gravle  present  in  cuttings,  larger 
sand  grain  size. 


Bottom  of  boring  at  75  feet . 


3’  Locking  Stich-up 
Protector 


PARSONS 

Engineering  Science 
Houston,  Texas 


*  Cement  /  Bentonite 
Grout  Seal 


*  2M  0  Sch.40  PVC 
Riser 


•  Bentonite  Pellet  Seal 

■  Natural  formation 
sluffed  in  before 
bentonite  seal  was 
placed. 

Approximately  50*  to 
59*. 


•  2*’  0  Sch.40  Slotted 
PVC  Screen  (0.0!0"J 


■  Sand  Pack  Filter 
(20/40) 


Notes: 

Monitor  well  #4  is  on  the  golf  course  just  west  of  bayou  and 
south  of  golf  course  pro  shop  in  "2500  Area". 


Project  No. 
722450 
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Monitoring  Well  No.  Well  #6 


PROJECT:  England  AFB  Phase  II  Drilling 
LOGGED  BY:  David  White 

DRILLING  COMPANY:  Geo  Engineering/Warren  Drilling 


DATE:  2/2/99 
NORTHING:  236910.9112 
EASTING:  1990843.9439 


0'-5’  -  SILT:  brown,  moist,  non-plastic,  rootlets  present, 
25%-30%  clay  and  sand. 


5'-7‘  -  CLAY:  brown,  medium  stiff,  plastic,  25%  sand, 
slightly  moist. 


\  slightly 
6-6.5' 


6'-6.5'  -  Wood  layer. 


7'- 13'  -  SILT:  brown,  semi-plastic,  30%  clay  and  sand, 
wet. 


13-28'  -  CLAY:  brown  to  reddish  brown,  stiff  to  very  stiff,  CL 

plastic,  moist,  10%  sand. 


28*-6r  -  SAND:  light  brown  to  light  gray,  very  fine  to  fine,  SP 

unconsolidated,  saturated. 


Bottom  of  boring  at  61  feet. 


WELL  HOLE  DIA:  8”  00 
DRILLING  METHOD:  Wet  Rotary 
HOLE  ELEV^  83.42  ft.  MSL 


WELL  CONSTRUCTION 
— i  DETAIL 


•  3’  Locking  5tich-up 
Protector 


*  Cement  /  Bentonite 
Grout  Seal 


*  2“  0  Sch.40  PVC 
Riser 


■  Bentonite  Pellet  Seal 


■  2"  0  Sch.40  Slotted 
PVC  Screen  (O.OKT) 


*  Sand  Pack  Filter 
(20/40) 


PARSONS 

Engineering  Science 
Houston,  Texas 


Notes: 

Monitor  well  # 6  is  located  south  of  Chanault  Ave  and  southeast 
of  building  2503  just  west  of  golf  course  in  " 2500  Area" 


Project  No. 

722450 
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Monitoring  Well  No.  Well  #7 


PROJECT:  England  AF8  Phase  II  Drilling 
LOGGED  BY:  David  White 

DRILLING  COMPANY:  Geo  Engineering/Warren  Drilling 


DATE:  2/4/99 
NORTHING:  236924.2460 
EASTING:  1990282.6706 


0’-7’  -  SILT:  brown,  moist,  non-plastic,  rootlets  present, 
25%-3G%  ciay  and  sand. 


“\  7’-9'  -  CLAY:  brown,  medium  stiff,  plastic,  25%  sand, 

-A  slightly  moist. 

V-  7.5’-8’  -  Wood  layer. 


9-16’  -  SILT:  brown,  semi-plastic,  30%  clay  and  sand, 
wet. 


16-44’  -  CLAY:  brown  to  reddish  brown,  stiff  to  very  stiff,  CL 

plastic,  moist,  10%  sand. 


44’-6l*  -  SANO:  light  brown  to  tight  gray,  very  fine  to  fine,  SP 
unconsolidated,  saturated. 


Bottom  of  boring  at  61  feet. 


WELL  HOLE  DIA:  8”  OD 
DRILLING  METHOD:  Wet  Rotary 
HOLE  ELEV^  91.16  ft.  MSL 


WELL  CONSTRUCTION 
— 1  DETAIL 


3'  Locking  StiCh-up 
Protector 


■  Cement  /  Bentonite 
Grout  Seal 


■  Z"  0  Sch.40  PVC 
Riser 


*  Bentonite  Pellet  Seal 


■  Z"  0  Sch.40  Slotted 
PVC  Screen  (0.0KT) 


*  Sand  Pack  Fitter 
(20/40) 


PARSONS 

Engineering  Science 
Houston,  Texas 


Notes: 

Monitor  well  *7  is  located  southwest  of  the  corner  Chanault 
A  ve.  and  Billy  Mitchell  Blvd  in  the  "2500  Area “ 


Project  No. 
722450 
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Monitoring  Well  No.  Well  #8 


PROJECT:  England  AFB  Phase  II  Drilling 


DATE:  7/12-13/99 


LOGGED  BY:  David  White  NORTHING:  in. 

ILLING  COMPANY:  Geo  Engineering/Warren  Drilling  ft.  EASTING:  ft. 


0’-8.9’  -  SILT:  brown  to  reddish  brown,  non-ptastic, 
rootlets  present  in  upper  1  foot,  dry. 


8.9'-9.2'  -  SAND:  reddish  brown,  moist,  very  fine  grain, 
30%  silt. 


9.2‘-10’  -  CLAY:  dark  brown,  stiff,  plastic,  moist,  20% 
sand. 


10*— 11.3*  -  SILT:  tan  to  reddish  brown,  non-plastic,  moist, 
20-  25%  very  fine  grained  sand. _ 

11.3’— 13'  -  SAND:  reddish  brown,  very  fine  to  fine  grained, 
wet,  20%  silt. 


13  -14  -  CLAY:  dark  brown,  stiff,  plastic,  moist. _ 

14’— 15.2’  -  SAND:  dark  reddish  brown,  very  fine  grained, 
wet,  30%  silt _ 

15.2’— 15.9*  -  SILT:  red  to  reddish  brown,  non-plastic, 
moist,  soft,  30%  very  fine  grained  sand. 


15.9’— 18’  -  SAND:  dark  reddish  brown,  very  fine  grained, 
wet,  30%  silt. 


!8’-48.6’  -  CLAY:  brown  to  reddish  brown,  stiff  to  very 
stiff,  plastic,  moist. 

little  light  gray  mottling  from  26  to  34 

color  change  to  light  gray  at  34  feet 

color  change  back  to  brown  to  reddish  brown  at  38  feet 

color  change  to  light  gray,  clay  very  stiff  at  40.7  feet 


48.6’-78'  -  SAND:  tan  to  light  gray,  very  fine  to  fine, 
unconsolidated,  saturated. 


wood  fragments  found  in  sample  from  76-78  feet 

78’-80‘-  CLAY:  light  gray,  stiff,  plastic,  moist,  25%  very 
fine  sand. 

Bottom  of  boring  at  80  feet. 


PARSONS 

Engineering  Science 
Houston,  Texas 


WELL  HOLE  DIA:  8"  OD 
DRILLING  METHOD:  Wet  Rotary 
HOLE  ELEV.:  ft.  MSI 


WELL  CONSTRUCTION 
OETAIL 


•  3’  Locking  Stich-up 
Protector 


-  Cement  /  Bentonite 
Grout  Seal 


2"  0  Sch.40  PVC 
Riser 


Bentonite  Pellet  Seal 


•  2"  0  Sch.40  Slotted 
PVC  Screen  (O^IO") 


Sand  Pack  Filter 
(20/40) 


Notes: 

Monitor  well  #8  is  located  on  the  southwest  corner  of  the 
hospital  south  parking  lot  in  grassy  field  in  the  "2500  Area " 


Project  No. 

722450 
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GEOTECHNICAL  LOGGING  REPORT 


CLIENT  AFCEE _ 

PROJECT  England  AFB _ 

LOCATION  Alexandria,  La _ 

DRILL  CONTRACTOR  ^£1  Astern _ 

DRILL  METHOO  Percussion  Harney _ 

SAMPLE  METHOD  Cuttings _ 


Well  #10 


PROJECT  NUMBER  _ 

DATE  DRILLED  .B/23/M. _ 

BOREHOLE  DIAMETER  AJU _ 

SURFACE  ELEVATION  tL  HSL 

WATER  LEVEL  1505  tL _ 

LOSGEO  by  David  mitts. _ 


1=  ? 

d)  Q5 

7*  ■*- 


WELL  TEST  LOGS 


Gamma 

Log 


55-65  1.8 


68-78  L7 


Parsons  Engineering  Science 


O'- -  SILT:  light  brown.  dry,  non-plastic, 
rootlets  present.  30%  clay. 


4-16*  -  CLAY:  dark  Drown,  stiff,  plastic. 
25%  sand,  moist. 


few  semi-consolidated  silt  nodules  present 
from  *3-16  feet. 


-  SILT:  brown,  semi-plastic,  30% 
sand.  wet. 


21’“41'  -  CLAY:  Drown,  stiff  to  very  stiff, 
plastic,  moist,  <10%  sand. 


color  change  to  light  gray/brown  mottled. 


4f-100’  -  SANO:  light  brown  to  light  gray, 
very  fine  to  fine,  unconsolidated,  heeving. 
saturated. 


100’-102*  -  CLAY:  dark  brown/olive  green 
mottled,  very  stiff,  plastic,  moist,  20% 
sand. 


Bottom  of  oorinq  at  102 .  feet. 
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WELL  CONSTRUCTION  L06  England  AFB 


SITE 

Alexandria,  LA 


PROJECT  PROJECT  NUMBER  WELL  NUMBER 

England  AFB  730486  Well#10 


COORDINATES  6R0UND  SURFACE  ELEVATION  CASING  STICKUP 

239932.2042  /  1988550.181  -1.5 


Soil  Boring  Cross-Reference  N&mQ. - 

Town  and  City  Alexandria - 

County  and  State  ffap,des’.,i- - 

Installation  Date  (s)  8/23/98 - 

Drilling  Method  A  P- 1000  Percussion  Hamner 
Drilling  Contractor - - - 

Drilling  Fluid  Mater  used  *1 355/5 ( _ 

heaving  sand.  _ 


Development  Technique  (s)  /  Dates 

Completed  prior  to  initial 


ground  water  sampling.  _ 


Fluid  Loss  During  Drilling  (gals) - 

Water  Removed  During  Development  (gals) 

270  -  8/25/98  _ 


Static  Depth  to  Water  Date  2/1121 - 

Static  Depth  to  Water  (feet)  12.21 - 

Well  Purpose  Monitoring  ground  water. _ 


Remarks  Monitor  well  was  screened  across 
entire  saturated  zone. 


Tests  run  on  well:  _ 


Sample  for  VOC  82608 


Electromagnetic  Borehole  Flo  we  ter  _ 


Gamma  Log  with  Resistivity 


Prepared  By  D:  _ 

Date  Prepared  10/9/98 


3  feet  protective  stick-up 


5’X5’X4"  concrete  pad  with 
4  bollard  posts 


2"  0  Sch.  40  Blank  PVC - 

Riser 

Bentonite  Pellet  Seal - 

100-mesh  "Sugar  Sand"  Seal 


20/40  Grade  Silica  Sand 


2"  0  Sch.40  PVC  Screen 
(0.010") 


Natural  Filter  Pack  (Sluff) 


round  surface 


-1 


Parsons  Engineering  Science 


Monitoring  Well  No.  Well  #11 


PROJECT:  England  AFB  Phase  II  Drilling 
LOGGED  BY:  David  White 

DRILLING  COMPANY:  Geo  Engineering/Warren  Drilling 


DATE:  1/23/99 
NORTHING:  240021.4188 
EASTING:  1988070.1551 


WELL  HOLE  DIA:  8"  OD 
DRILLING  METHOD:  Wet  Rotary 
HOLE  ELEV^  86.88  ft.  MSL 


WELL  CONSTRUCTION 
DETAIL 


•  3’  Locking  Stich-up 
Protector 


0’-5’  -  SILT:  light  brown  to  red,  dry  non-plastic,  rootlets  ML 

present,  30%  clay. 


5'-15’  -  CLAY:  dark  brown  to  red,  stiff,  plastic,  25%  sand, 
slightly  moist. 


15’-18'  -  SILT:  brown,  semi-plastic,  30%  clay  and  sand, 
wet. 


18’-38‘  -  CLAY:  brown  to  reddish  brown,  stiff  to  very  stiff, 
plastic,  moist,  10%  sand. 


38’-&0'  -  SAND:  light  brown  to  light  gray,  very  fine  to 
fine,  unconsolidated,  saturated. 


67'-69‘  small  amount  of  gravel  present  in  cutting,  larger 
sand  grain  size. 

70*— 71*  1  foot  layer  of  wood. 


Bottom  of  boring  at  80  feet. 


■  Cement  /  Bentonite 
Grout  Seal 


■  V  0  Sch.40  PVC 
Riser 


Bentonite  Pellet  Seal 


•  2"  0  Sch.40  Slotted 
PVC  Screen  (0.010") 


■  Sand  Pack  Filter 
(20/40) 


PARSONS 

Engineering  Science 
Houston,  Texas 


Notes: 

Monitor  well  #//  is  located  north  of  building  804  and  Just  south 
of  the  drainage  ditch  in  the  "800  Area". 


Project  No. 
722450 
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Monitoring  Well  No.  Well  #12 


PROJECT:  England  AFB  Phase  II  Drilling  DATE:  1/23/99  WELL  HOLE  DIA:  8"  OD 

LOGGED  BY:  David  White  NORTHING:  240028.6458  DRILLING  METHOD:  Wet  Rotary 

DRILLING  COMPANY:  Geo  Engineering/Warren  Drilling  EASTING:  1988082.9627  HOLE  ELEV*:  87.35  ft.  MSL 


WELL  CONSTRUCTION 
DETAIL 


0‘-5’  -  SILT:  light  brown  to  red,  dry  non-plastic,  rootlets 
present.  30%  clay. 


5’— 15*  -  CLAY:  dark  brown  to  red,  stiff,  plastic,  25%  sand, 
slightly  moist. 


15’-18‘  -  SILT:  brown,  semi-plastic,  30%  clay  and  sand, 
wet. 


18'-38'  -  CLAY:  brown  to  reddish  brown,  stiff  to  very  stiff, 
plastic,  moist,  10%  sand. 


SS’-Ute’  -  SAND:  light  brown  to  light  gray,  very  fine  to 
fine,  unconsolidated,  saturated. 


67‘-69'  small  amount  of  gravel  present  in  cutting,  larger 
sand  grain  size. 

70-71’  1  foot  layer  of  wood. 


Bottom  of  boring  at  102  feet . 


■  3’  Locking  Stich-up 
Protector 


■  Cement  /  Bentonite 
Grout  Seal 


*  2”  0  Sch.40  PVC 
Riser 


Bentonite  Pellet  Seal 


•  2"  0  Sch.40  Slotted 
PVC  Screen  (0.010") 

•  Sand  Pack  Filter 
(20/40) 


PARSONS 

Engineering  Science 
Houston,  Texas 


Notes:  Project  No. 

Monitor  well  #12  is  located  north  of  building  804  and  just  south  722450 

of  the  drainage  ditch  in  the  'WO  Area". 
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Monitoring  Well  No.  Well  #13 


PROJECT:  England  AFB  Phase  II  Drilling  DATE:  1/21/99  WELL  HOLE  DIA:  8”  OD 

LOGGED  BY:  David  White  NORTHING:  240491.5534  DRILLING  METHOD:  Wet  Rotary 

DRILLING  COMPANY:  Geo  Engineering/Warren  Drilling  EASTING:  1988661.2809  HOLE  ELEVu  87.38  ft.  MSL 


WELL  CONSTRUCTION 
DETAIL 


■  3*  Locking  Stich-up 
Protector 


0’-5’  -  SILT:  light  brown  to  red,  dry  non-plastic,  rootlets 
present,  30%  clay. 


5‘— 14'  -  CLAY:  dark  brown  to  red,  stiff,  plastic,  25%  sand, 
slightly  moist. 


14’— 20*  -  SILT:  brown,  semi-plastic,  30%  clay  and  sand, 
wet. 


20'-41*  -  CLAY:  brown  to  reddish  brown,  stiff  to  very  stiff, 
plastic,  moist,  10%  sand. 


clay  color  change  to  light  gray/brown  mottled. 


41-81'  -  SAND:  light  brown  to  light  gray,  very  fine  to  fine,  SP 

unconsolidated,  saturated. 


68*-72’  small  amount  of  gravel  present  in  cuttings,  larger 
sand  grain  size. 


Bottom  of  boring  at  81  feet. 


■  Cement  /  Bentonite 
Grout  Seal 


•  2“  0  Sch.40  PVC 
Riser 


*  Bentonite  Pellet  Seal 


•  2"  0  Sch.40  Slotted 
PVC  Screen  (0.010") 


■  Sand  Pack  Filter 
(20/40) 


PARSONS 

Engineering  Science 
Houston,  Texas 


Notes: 

Monitor  well  * 13  is  located  due  west  of  building  1221  and  east  of 
building  806  within  the  "800  Area". 


Project  No. 

722450 
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Monitoring  Well  No.  Well  #14 


Monitoring  Well  No.  Well  #15 


PROJECT:  England  AFB  Phase  II  Drilling  DATE:  1/24/99  WELL  HOLE  DIA:  8"  OD 

LOGGED  BY:  David  White  NORTHING:  240384.1721  DRILLING  METHOD:  Wet  Rotary 

DRILLING  COMPANY:  Geo  Engineering/Warren  Drilling  EASTING:  1988258.4773  HOLE  ELEV„'  86.77  ft.  MSL 


32*— 71*  -  SAND:  light  brown  to  light  gray,  very  fine  to  fine, 
unconsolidated,  saturated. 


Bottom  of  boring  at  71  feel 


x  ^ 

j-  t  O 

CL  t  M 

LU  <  U- 

Q  co 


0‘-4'  -  SILT:  light  brown  to  red,  dry  non-plastic,  rootlets 
present,  30%  clay. 


4-14*  -  CLAY:  dark  brown  to  red,  stiff,  plastic,  25%  sand, 
slightly  moist. 


14'-18’  -  SILT:  brown,  semi-plastic,  30%  clay  and  sand,  ML 

wet. 


13*— 32’  -  CLAY:  brown  to  reddish  brown,  stiff  to  very  stiff,  CL 

plastic,  moist,  10%  sand. 


WELL  CONSTRUCTION 
DETAIL 


l—  __ 


3*  Locking  Stich-up 
Protector 


■  Cement  /  Bentonite 
Grout  Seal 


■  2"  0  Sch.40  PVC 
Riser 


■  Bentonite  Pellet  Seal 


>  T  0  Sch.40  Slotted 
PVC  Screen  (0.010 ‘) 


■  Sand  Pack  Fitter 
(20/40) 


PARSONS 

Engineering  Science 
Houston,  Texas 


Notes: 

Monitor  well  * 15  is  located  on  the  southwest  corner  of  building 
814  in  the  " 800  Area". 


Project  No. 
722450 
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Monitoring  Well  No.  Well  #16 


PROJECT:  England  AFB  Phase  II  Drilling  DATE:  1/22/99 

LOGGED  BY:  David  White  NORTHING:  241095.7838 

DRILLING  COMPANY:  Geo  Engineering/Warren  Drilling  EASTING:  1988156.4034 


Q'-5*  -  SILT:  light  brown  to  red,  dry  non-plastic,  rootlets 
present,  30%  clay. 


5'— 14*  -  CLAY:  dark  brown  to  red,  stiff,  plastic,  25%  sand, 
slightly  moist. 


14’— 18*  -  SILT:  brown,  semi-plastic,  30%  clay  and  sand, 
wet.  _ 


18-43*  -  CLAY:  brown  to  reddish  brown,  stiff  to  very  stiff, 
plastic,  moist,  10%  sand. 


43*-101*  -  SANO:  light  brown  to  light  gray,  very  fine  to 
fine,  unconsolidated,  saturated. 


55*-56*  1  foot  layer  of  wood. 


70*-80’  small  amount  of  gravel  present  in  cuttings,  larger 
sand  grain  size. 


Bottom  of  boring  at  tOt  feet . 


WELL  HOLE  DIA:  8"  OD 
DRILLING  METHOD:  Wet  Rotary 
HOLE  ELEV^  81.56  ft.  MSL 


WELL  CONSTRUCTION 
DETAIL 


Flushmount  Road  Box 


■  Cement  /  Bentonite 
Grout  Seal 


•  2"  0  Sch.40  PVC 
Riser 


•  Bentonite  Pellet  Seal 


•  2"  0  Sch.40  Slotted 
PVC  Screen  10.010") 

■  Sand  Pack  Filter 
(20/40) 


PARSONS 

Engineering  Science 
Houston,  Texas 


Notes: 

Monitor  well  # 16  is  located  between  the  north  cargo  ramp  and 
the  the  North  Ramp  in  the  'WO  Area 


Project  No. 
722450 
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Monitoring  Well  No.  Well  #18 


PROJECT:  England  AFB  Phase  II  Drilling 
LOGGED  BY:  David  White 


DATE:  1/22/99 
NORTHING:  241239 J776 


DRILLING  COMPANY:  Geo  Engineering/Warren  Drilling  EASTING:  1987610.9854 


0  -5  -  SILT:  light  brown  to  red,  dry  non-plastic,  rootlets 
present,  30%  clay. 


5’-l3’  -  CLAY:  dark  brown  to  red,  stiff,  plastic,  25%  sand, 
slightly  moist. 


t3'-l6'  -  SILT:  brown,  semi-plastic,  30%  clay  and  sand, 
wet. 


16*-3T  -  CLAY:  brown  to  reddish  brown,  stiff  to  very  stiff, 
plastic,  moist,  10%  sand. 


3r-l03‘  -  SAND:  light  brown  to  light  gray,  very  fine  to 
fine,  unconsolidated,  saturated. 


57’-58‘  1  foot  layer  of  wood. 


73'-85'  small  amount  of  gravel  present  in  cuttings,  larger 
sand  grain  size. 


Bottom  of  boring  at  103  feet. 


PARSONS 


HELL  HOLE  DIA:  8“  OD 
DRILLING  METHOD:  Wet  Rotary 
HOLE  ELEV-*  85.05  ft.  MSL 


WELL  CONSTRUCTION 
DETAIL 


■  3‘  Locking  Stich-up 
Protector 


■  Cement  /  Bentonite 
Grout  Seal 


■  2”  0  Sch.40  PVC 
Riser 


Bentonite  Pellet  Seal 


-  2“  0  Sch.40  Slotted 
PVC  Screen  (O.OICT) 

■  Sand  Pack  Filter 
(20/40) 


Engineering  Science 
Houston,  Texas 


Notes: 

Monitor  well  #18  is  located  between  buildings  2403  and  2404 
along  the  north  cargo  ramp  in  the  "800  Area" 


Project  No. 

722450 
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Monitoring  Well  No.  Well  #19 


PROJECT:  England  AFB  Phase  II  Drilling 
LOGGED  BY:  David  White 

DRILLING  COMPANY:  Geo  Engineering/Warren  Drilling 


DATE:  1/22/99 
NORTHING:  241223.8343 
EASTING:  1987589.5080 


0*-5*  -  SILT:  light  brown  to  red,  dry  non-plastic,  rootlets 
present,  30%  clay. 


5-13*  -  CLAY:  dark  brown  to  red,  stiff,  plastic,  25%  sand, 
slightly  moist. 


13*-16'  -  SILT:  brown,  semi-plastic,  30%  clay  and  sand, 
wet.  _ ___ _ 


16-31*  -  CLAY:  brown  to  reddish  brown,  stiff  to  very  stiff, 
plastic,  moist,  10%  sand. 


31*— 81*  -  SAND:  light  brown  to  light  gray,  very  fine  to  fine, 
unconsolidated,  saturated. 


57*-58*  1  foot  layer  of  wood. 


73*-85*  small  amount  of  gravel  present  in  cuttings,  larger 
sand  grain  size. 


Bottom  of  boring  at  81  feet. 


PARSONS 

Engineering  Science 
Houston,  Texas 


WELL  HOLE  DIA:  8"  OD 
DRILLING  METHOD:  Wet  Rotary 
HOLE  ELEV^  85.26  ft.  MSL 


WELL  CONSTRUCTION 
DETAIL 


-  3’  Locking  Stich-up 
Protector 


•  Cement  /  Bentonite 
Grout  Seal 


*  2**  0  Sch.40  PVC 
Riser 


•  Bentonite  Pellet  Seal 


■  2"  0  Sch.40  Slotted 
PVC  Screen  (0.010**) 


•  Sand  Pack  Filter 
(20/40) 


Notes : 

Monitor  welt  *19  is  located  between  buildings  2403  and  2404 
along  the  north  cargo  ramp  in  the  "800  Area". 
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Monitoring  Well  No.  Well  #20 


PROJECT:  England  AFB  Phase  II  Drilling  DATE:  1/22/99  WELL  HOLE  DIA:  8"  OD 

LOGGED  BY:  David  White  NORTHING:  241030.4841  DRILLING  METHOD:  Wet  Rotary 

DRILLING  COMPANY:  Geo  Engineering/Warren  Drilling  EASTING:  1988244.3258  HOLE  ELEV^  82.17  ft.  MSL 


WELL  HOLE  DIA:  8"  OD 


0*-5'  -  SILT:  light  brown  to  red,  dry  non-plastic,  rootlets 
present,  30%  clay.  _ 


5-14*  -  CLAY:  dark  brown  to  red.  stiff,  plastic,  25%  sand, 
slightly  moist. 


14'-18’  -  SILT:  brown,  semi-plastic,  30%  clay  and  sand, 
wet. 


18-31*  -  CLAY:  brown  to  reddish  brown,  stiff  to  very  stiff, 
plastic,  moist,  10%  sand. 


31’— 128*  -  SANO:  light  brown  to  light  gray,  very  fine  to 
fine,  unconsolidated,  saturated. 


56’-57*  I  foot  layer  of  wood. 


75*-86‘  small  amount  of  gravel  present  in  cuttings,  larger 
sand  grain  size. 


57  ci-  a 

Q_  Tc-  *— » 

LU  ^  Li. 

Q  rn 


128*— 130*  -  CLAY:  blue/gray,  stiff,  plastic,  moist  "Miocene  r 
\  Clay"  / 


Bottom  of  boring  at  130  feet. 


PARSONS 

Engineering  Science 
Houston,  Texas 


WELL  CONSTRUCTION 
DETAIL 


Flushmount  Road  Box 


•  Cement  /  Bentonite 
Grout  Seal 


■  2"  0  Sch.40  PVC 
Riser 


■  Bentonite  Pellet  Seal 

-  r  0  Sch.40  Slotted 
PVC  Screen  {0.010") 

-  Sand  Pack  Filter 
(20/40) 


Notes: 

Monitor  well  #20  is  located  between  the  north  cargo  ramp  and 
the  the  North  Ramp  in  the  'WO  Area". 
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Alexandria,  LA 


by 

William  R.  Waldrop 
and 

Hubert  S.  Pearson 


September  1998 


Quantum  Engineering  Corporation 
112  Tigitsi  Lane,  Tellico  Village 
Loudon,  Tennessee  37774 
Phone  (423)  458-0506  FAX  (423)  458-0504 


Introduction 

Quantum  Engineering  Corporation  (QEC)  conducted  flowmeter  tests  at  the  former 
England  Air  Force  Base  (AFB)  in  Alexandria,  Louisiana,  to  assist  Parsons  Engineering 
Science.  Inc.  in  developing  a  groundwater  remediation  strategy.  QEC  specializes  in 
flowmeter  tests  of  the  type  conducted  at  this  site. 

The  instalment  system  used,  the  Electromagnetic  Borehole  Flowmeter  (EBF),  is  designed 
expressly  for  such  tests  as  performed  at  the  former  England  AFB  site.  The  EBF  was  a 
spin-off  of  a  groundwater  research  program  previously  conducted  by  QEC  staff  as 
employees  of  the  Tennessee  Valley  Authority  (TV A).  The  development  team  for  the 
EBF  built  upon  extensive  experience  of  testing  with  an  impeller  meter  used  for  flowmeter 
testing  in  the  TV  A  research  program.  The  research  team  recognized  the  potential  of  the 
borehole  flowmeter  method  as  a  cost-effective  and  accurate  way  of  measuring  relative 
hydraulic  conductivity  to  a  resolution  required  for  environmental  analyses  if  a  flowmeter 
with  sufficient  accuracy  and  reliability  were  available.  This  led  to  the  development  of  the 
EBF  designed  to  avoid  deficiencies  of  other  downhole  flow  measuring  devices  (Young 
and  Waldrop,  1989).  The  QEC  team  that  performs  EBF  tests  are  inventors  of  the 
instrument  system.  They  have  conducted  similar  tests  for  a  wide  range  of  geohydrology 
throughout  the  United  States. 

Field  data  were  collected  at  3  wells  at  the  site  on  1  and  2  September  1998.  The  tests  were 
conducted  according  to  a  scope  of  work  developed  jointly  by  staff  of  QEC  and  staff  of 
Parsons  Engineering  Science,  Inc.  This  report  presents  results  from  the  field  tests  as  well 
as  describes  the  test  protocol  and  the  EBF  system  used. 
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The  Borehole  Flowmeter  Method 

The  flowmeter  method  represents  a  reasonably  simple  approach  for  assessing  the  relative 
hydraulic  conductivity  in  porous  media  or  flow  through  fractured  rock  at  discrete 
positions  in  a  screened  well  or  uncased  borehole.  This  method  is  equally  effective  for 
evaluating  the  direction  of  ambient  vertical  hydrostatic  pressure  gradients  throughout  the 
depth  of  a  borehole.  The  technique  involves  measuring  at  arbitrarily  selected  intervals  as 
water  is  transmitted  through  a  well  under  ambient  and  induced  pumping  conditions. 

These  data  serve  as  the  basis  for  computing  the  relative  hydraulic  conductivity  at  each 
interval. 

In  principal,  the  flowmeter  method  is  very  straightforward.  Consider  the  test  setup  for 
the  well  shown  in  Figure  1 .  When  water  is  pumped  into  or  from  the  well  at  a  constant 
rate  for  an  extended  time  (i.e.  an  hour  or  less),  then  the  water  surface  level  inside  the  well 
will  adjust  until  it  reaches  equilibrium.  At  that  time  water  is  being  induced  into  (or  from) 
the  well  at  the  same  rate  as  that  being  pumped  near  the  surface.  Water  is  flowing  into  the 
well  horizontally  throughout  the  screened  or  open  interval  of  the  well  and  flowing 
vertically  within  the  well.  The  objective  is  to  measure  the  vertical  distribution  of  the 
horizontal  flow  into  the  well.  The  horizontal  flow  rate  at  each  stratum  is  indicative  of  the 
hydraulic  conductivity  of  those  strata  as  discussed  by  Molz,  et.  al.  (1990). 

Under  ideal  conditions,  the  probe  is  sealed  to  the  wall  such  that  any  vertical  flow  must 
pass  through  the  recording  zone  of  the  meter.  Then  the  flow  into  or  from  the  well  below 
the  meter  is  recorded  as  it  flows  vertically  in  the  well.  For  some  applications,  it  is  not 
possible  to  effect  a  complete  seal  with  the  wall  and  prevent  bypass  flow.  For  such  cases, 
it  is  often  desirable  but  not  essential  to  determine  the  percentage  of  flow  rate  bypassing 
the  recording  section  of  the  probe  and  correct  the  probe  readings  accordingly. 

A  flowmeter  test  for  a  well  is  initiated  by  measuring  for  ambient  flow  throughout  the 
screened  section  of  the  well.  This  is  typically  initiated  with  the  flowmeter  at  the  bottom 
of  the  screen  where  flows  should  be  zero.  The  probe  is  then  raised  one  increment.  After 
any  flow  disturbance  caused  by  the  probe  movement  has  subsided,  the  vertical  flow  at 


that  station  is  recorded.  This  process  is  repeated  throughout  the  entire  screened  region. 
These  ambient  flows  reveal  the  presence  of  vertical  pressure  gradients,  positive  or 
negative,  between  strata,  and  provide  a  baseline  for  analyzing  induced  flow  into  the  well 
during  pumping. 

Once  the  ambient  flow  pattern  has  been  recorded,  the  induced  flow  test  is  initiated  by 
pumping  from  the  well  at  a  constant  rate.  The  water  surface  is  monitored  to  determine 
when  equilibrium  conditions  have  been  achieved.  At  that  time,  the  probe  is 
systematically  moved  vertically  with  flow  rates  recorded  at  predetermined  intervals 
throughout  the  well  screen.  Data  at  each  depth  are  displayed  on  a  digital  readout  and 
stored  in  a  data  file  of  a  portable  computer.  A  typical  graph  of  flow  as  derived  from  the 
borehole  flowmeter  is  shown  in  Figure  2.  These  tests  can  be  performed  with  equal 
accuracy  by  injecting  flow  into  the  well  at  a  constant  rate  instead  of  pumping. 

Data  analysis  is  also  relatively  simple.  The  lateral  inflow  from  each  stratum  is  calculated 
by  successively  subtracting  the  cumulative  flow  measured  at  those  strata  from  the 
cumulative  flow  recorded  at  the  level  immediately  below.  Hydraulic  conductivity  can  be 
calculated  for  those  strata  by  using  the  Cooper- Jacob  formula  for  horizontal  flow  to  a 
well.  The  ratio  of  local  hydraulic  conductivity  Kj  to  average  KaVe  for  each  well  was 
computed  using  Equation  7  from  Molz  and  Young  (1993), 

Kj  /  Kavc  =  ((Delta  Qj  -  Delta  qfl  /  Delta  z)  /  (Qpump  /  b)  ;  i=  1,2, ...  n 

where 

Delta  Qj  =  Flow  from  the  ith  layer  in  the  well; 

Delta  qj  =  Ambient  flow  from  the  ith  layer  of  the  well; 

Delta  z  =  ith  layer  thickness; 

Qpump  =  Flow  rate  pumped  from  the  well  during  the  induced  flow  test;  and 
b  =  Aquifer  thickness. 

Details  are  presented  in  Molz,  et.  al.,  ( 1 994). 
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Figure  2:  Typical  Flow  Pattern  from  an  EBF  Induced  Flow  Test 
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The  Electromagnetic  Borehole  Flowmeter 

The  EBF  was  designed  to  provide  accurate  flow  data  over  a  wider  range  of  flow 
velocities  than  measurable  using  impeller-type  or  other  available  flowmeters.  A 
schematic  of  the  EBF  is  shown  in  Figure  3.  The  flowmeter  consists  of  an  electromagnet 
and  two  electrodes  located  1 80  degrees  apart  and  90  degrees  to  the  magnetic  field  inside 
of  a  hollow  cylinder.  The  flowmeter  operates  according  to  Faraday’s  Law  of  Induction, 
which  states  that  the  voltage  induced  by  a  conductor  moving  at  right  angles  through  a 
magnetic  field  is  directly  proportional  to  the  velocity  of  the  conductor  through  the  field. 
The  flowing  water  is  the  conductor,  the  electromagnet  generates  the  magnetic  field,  and 
the  electrodes  measure  the  induced  voltage.  The  electronics  attached  to  the  electrodes 
transmit  a  voltage  directly  proportional  to  the  velocity  of  the  water.  All  electronics  in  the 

probe  are  encased  in  watertight  epoxy  making  the  probe  very  durable  and  not  subject  to 
calibration  drift. 

Two  probe  sizes  are  available  for  use  -  one  with  a  one-inch  inside  diameter  (i.d.)  and  one 
with  a  half-inch  i.d.  The  smaller  probe  has  demonstrated  a  threshold  signal  of  about  5 
milliliters  per  minute  (0.001 3  GPM)  and  produces  a  linear  output  from  about  10 
milliliters  per  minute  (0.0026  GPM)  to  1 0  liters  per  minute  (2.64  GPM)  which  is  a  factor 
of  1000.  Although  the  instnimcnt  is  capable  of  measuring  flows  at  the  lower  limit, 
measurements  of  such  extremely  low  flows  (i.e.  10  ml/mm.)  are  sometimes  difficult  to 
achieve  accurately  in  the  field  because  of  ground  currents.  The  one-inch  probe  spans  a 
flow  range  of  about  40  milliliters  per  minute  (0.010  GPM)  to  40  liters  per  minute  (10 
GPM).  Accuracy  in  the  lower  flow  range  for  either  probe  permits  pumping  at  a  far  lower 
rate  than  conventional  meters.  It  also  permits  testing  the  well  to  measure  ambient  flow 
conditions  with  no  pumping  from  the  surface.  Both  probes  measure  positive  or  negative 
flow  rates  with  equal  accuracy. 


Figure  3:  Schematic  of  the  Electromagnetic  Borehole  Flowmeter 


The  probe  is  designed  to  fit  snugly  inside  a  Schedule  40  two-inch  PVC  pipe.  However, 
to  accommodate  testing  in  larger  diameter  wells,  the  probe  can  be  fit  with  an  inflatable 
packer  assembly  that  allows  applications  in  cased  and  uncased  wells  of  up  to  10  inches  in 
diameter.  The  probe  can  also  be  sealed  with  a  collar  that  fits  the  inside  diameter  of  the 
well.  For  many  type  wells,  this  collar  provides  an  adequate  seal  and  is  much  easier  to 
use.  Tests  at  the  former  England  Air  Force  Base  site  did  not  require  using  either  a  collar 
or  packer  because  they  were  constructed  of  Schedule  40  PVC  pipe  two  inches  in 
diameter. 
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Test  Results 

Hubert  Pearson  of  QEC,  a  member  of  the  invention  team  and  experienced  in  conducting 
EBF  tests,  served  as  test  engineer  for  these  tests.  Bill  Waldrop  of  QEC  and  David  White 
ot  Parsons  Engineering  Science,  Inc  assisted  him.  Mr.  White  also  provided  guidance  for 
test  objectives  to  assure  that  test  data  would  be  consistent  with  their  needs  for  developing 
an  effective  groundwater  remediation  strategy. 

The  flowmeter  tests  were  performed  with  the  QEC  EBE  system  using  the  half-inch  i.d. 
probe.  The  one-inch  i.d.,  probe  was  available,  but  not  used  because  the  pumping  flow 
rates  produced  flows  well  within  range  of  the  smaller  i.d.  probe.  The  QEC  EBF  system 
was  calibrated  prior  to  this  test.  Experience  with  the  EBF  system  has  shown  that  the 
system  is  not  subject  to  calibration  drift.  This  is  attributable  to  the  design  features  of  the 
electronics  and  the  fabrication  method  by  which  the  electronics  of  the  probe  are  encased 
in  watertight  epoxy.  No  anomalies  in  the  EBF  system  were  noted  during  the  field  tests. 

The  EBF  system  produced  a  linear  signal  throughout  the  range  of  flows  tested.  The  half¬ 
inch  i.d.  probe  is  considered  accurate  between  flows  of  10  milliliters  per  minute  (0.0026 
GPM)  and  1 0  liters  per  minute  (2.64  GPM).  This  translates  to  a  velocity  in  the  throat  of 
the  probe  ranging  between  a  minimum  velocity  of  0.13  cm/sec  (0.0043  ft/sec)  to  a 
maximum  of  1 3 1  cm/sec  (4.3  ft/sec).  Upward  flows  were  designated  as  positive  as  the 
sign  convention  used  throughout  all  testing. 

QEC  furnished  the  EBF  system,  a  water  level  measuring  device,  pumps,  hoses  and  a 
portable  generator.  Field  data  were  recorded  using  the  QEC  notebook  computer, 
developed  in  spreadsheet  format,  and  plotted  later  for  detailed  analysis. 

Both  ambient  and  induced  flow  tests  were  performed  on  three  wells  at  this  site.  In 
addition,  the  change  in  water  surface  was  recorded  in  each  well  after  steady  state 
conditions  were  achieved  when  pumping  at  a  higher  flow  rate  than  required  for  the 
induced  flow  tests. 
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Two  of  the  wells  tested  had  screens  70  feet  in  length  and  the  screen  of  the  other  well  was 
80  feet  long.  The  physical  description  of  the  wells  is  presented  in  Figures  4.  All  depths 
shown  in  this  report  are  referenced  to  the  top  ol  the  casing  that  is  approximately  2.5  feet 
above  ground  surface.  A  summary  of  the  hydraulic  parameters  of  the  tests,  ambient  and 
induced,  is  shown  in  Table  1 .  Results  of  the  pump  tests  at  higher  pump  rates  are  also 
included  in  Table  1. 


Ambient  Flow  Tests  -  Ambient  flow  rates  were  recorded  in  each  well  prior  to  pumping. 
Ambient  flows  normally  represent  a  second  order  correction  to  flow  rates  measured 
during  induced  flow  tests.  This  was  generally  true  for  these  tests,  but  significant  ambient 
of  the  order  of  0. 1  GPM  flow  was  recorded  in  all  three  wells.  The  largest  upward  flow, 

0. 1 5 1  GPM,  in  any  of  the  wells  was  recorded  at  a  depth  of  32  feet  in  Well  1 .  The  largest 
downward  flow,  -0.1 16  GPM,  was  recorded  at  depths  of  74  and  76  feet  in  Well  2. 

Induced  Flow  Tests  -  Flow  data  recorded  from  both  ambient  and  induced  flow  tests  were 
combined  to  compute  the  vertical  distribution  of  hydraulic  conductivity  of  each  of  the 
monitoring  wells.  The  ratio  of  local  hydraulic  conductivity  K,-  to  average  KaVC  for  each 
well  was  computed  using  Equation  7  from  Molz  and  Young  (1993)  discussed  in  a 
previous  section  of  this  report.  The  length  of  the  well  screen  was  used  as  the  aquifer 
thickness  b.  This  parameter,  as  is  the  pump  rate  used  in  this  equation,  however  is 
relatively  unimportant  since  it  will  affect  the  absolute  values,  but  have  no  effect  upon  the 
distribution  of  hydraulic  conductivity  in  each  well.  Nevertheless,  using  the  well  screen 
length  is  appropriate  because  horizontal  flow  entering  the  screen  from  the  surrounding 
medium  is  a  basic  assumption  of  the  analysis  method. 

Flow  rates  measured  in  the  three  wells  are  presented  in  Appendix  A;  whereas,  computed 
values  of  the  profiles  of  relative  hydraulic  conductivity  are  presented  in  Appendix  B. 


11 


Figure  4:  Physical  Parameters  of  the  Wells 
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Several  graphs  in  Appendix  B  show  localized  values  of  negative  hydraulic  conductivity. 
These  computed  negative  values  are  a  result  of  localized  decreases  in  measured  flow  rate 
between  ascending  data  points.  Clearly  a  negative  hydraulic  conductivity  is  not  a 
physical  reality,  but  only  an  artifact  of  a  localized  flow  phenomenon.  There  is  no  clear 
explanation  for  this  localized  decrease  in  flow,  but  examination  of  the  flows  indicate  this 
was  likely  caused  by  the  scatter  of  flow  data  recorded  between  neighboring  data  points. 
This  effect  is  compounded  by  the  fact  that  the  computed  values  of  Ki  are  based  upon  the 
net  induced  flow  that  is  calculated  from  the  difference  between  the  flow  rates  measured 
during  pumping  and  those  measured  during  the  ambient  test;  thus  effects  of  any  scatter  in 
the  data  is  compounded.  Nevertheless,  it  is  felt  that  a  computed  negative  value  was 
indicative  of  a  region  of  low  relative  hydraulic  conductivity  because  if  flow  were  entering 
at  that  zone,  the  flow  rate  would  not  have  decreased. 

The  field  test  and  resulting  data  analysis  did  produce  a  good  picture  of  the  vertical 
structure  of  relative  hydraulic  conductivity  at  the  England  Air  Force  Base  site.  A  brief 
general  description  of  the  flow  patterns  presented  in  Appendix  A,  and  the  computed 
relative  hydraulic  conductivity  presented  in  Appendix  B  follows  for  each  well. 

Well  1  -  The  static  depth  to  water  (SDTW)  for  this  well  approximately  coincides  with  the 
top  of  the  screen.  Ambient  flow,  shown  in  Figure  A-l,  enters  the  well  at  a  depth  of  60 
feet  and  moves  both  up  and  down  the  well.  Water  flowing  downward  from  this  point 
leaves  the  well  at  depths  between  70  and  75  feet.  Flow  up  the  well  from  a  depth  of  60 
feet  continues  upward  and  begins  exiting  the  well  at  about  a  depth  of  30  feet.  There  is  no 
ambient  flow  above  a  depth  of  1 6  feet. 

Data  from  the  pumped  flow  test  are  very  consistent  with  that  from  the  ambient  test. 

There  is  essentially  no  flow  below  a  depth  of  76  feet.  Essentially  all  flow  entering  the 
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well  during  the  pump  test  had  done  so  below  a  depth  of  30  feet.  The  flow  data  recorded 
during  the  pump  test  actually  tracked  the  ambient  flow  pattern  above  a  depth  of  30  feet. 

Figure  B-l  presents  a  graph  of  the  profile  of  relative  hydraulic  conductivity  based  on  the 
net  induced  flow  for  each  stratum.  This  graph  reveals  vary  tight  material  in  the  bottom 
four  feet  of  the  well  overlain  by  very  coarse  material  extending  up  to  of  about  46  feet.  A 
very  thin  stratum  of  higher  conductivity  was  noted  between  depths  of  30  and  34  feet. 
Otherwise,  material  above  a  depth  of  38  feet  showed  relatively  low  hydraulic 
conductivity. 

Well  2  -  The  top  of  the  screen  for  this  well  extended  above  the  water  surface  making  it 
impossible  to  test  over  the  complete  length  of  the  screen.  However,  this  was  a  zone  of 
relatively  tight  material  so  essentially  nothing  valuable  was  lost. 

Ambient  flows  presented  in  Figure  A-2  showed  a  clear  trend.  Very  little  water  entered 
the  well  above  a  depth  of  46  feet.  Below  that  depth,  water  entered  the  well  and  flowed 
downward  until  a  depth  of  72  feet.  Water  began  exiting  the  well  at  a  depth  of  76  feet  and 
flowed  outward  between  that  depth  and  the  bottom. 

The  profile  of  relative  hydraulic  conductivity,  Figure  B-2,  computed  from  the  net  induced 
flow  showed  some  variation  in  hydraulic  conductivity  between  depths  of  52  feet  and  the 
well  bottom,  but  generally  the  values  were  relatively  high.  Above  a  depth  of  52  feet,  the 
hydraulic  conductivity  was  significantly  less  than  that  in  the  lower  zones  with  one 
exception.  A  narrow  layer  of  high  conductivity  was  detected  at  a  depth  of  46  feet. 
Variations  above  that  zone  likely  only  reflect  a  scatter  in  the  flow  data. 

Well  10  -  Flow  patterns  recorded  at  Well  10  are  remarkably  similar  to  those  recorded  at 
Well  2.  The  solid  casing  extended  about  five  feet  below  the  SDTW;  therefore  it  was 
possible  to  record  flows  throughout  the  entire  length  of  the  screen.  Ambient  flows 
presented  in  Figure  A-3  were  negligible  from  the  top  of  the  screen  to  a  depth  of  42  feet. 
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At  that  depth,  groundwater  began  entering  the  well,  and  flowing  downward  to  a  depth  of 
72  feet.  Water  exited  the  well  between  this  depth  and  the  bottom  at  a  depth  of  90  feet. 

The  graph  of  flows  measured  during  pumping  in  Figure  A-3  reveals  that  essentially  all 
water  entered  the  well  below  a  depth  of  52  feet.  The  resulting  graph  of  relative  hydraulic 
conductivity.  Figure  A-3  A,  computed  from  the  net  induced  flow  shows  that  the  hydraulic 
conductivity  is  greatest  in  a  narrow  zone  between  depths  of  74  and  78  feet.  Values  of  Ki 
steadily  decrease  with  both  increasing  and  decreasing  depth  from  that  zone. 

Computed  values  of  relative  hydraulic  conductivity  in  the  zone  of  tighter  deposits  above 
a  depth  of  50  feet  reflect  the  compounded  scatter  in  flow  measurements  from  both  the 
ambient  and  pumped  tests.  Values  computed  at  depth  intervals  of  four  feet  presented  in 
Figure  B-3B  have  the  effect  of  smoothing  the  data  to  show  a  clearer  trend  over  the  entire 
profile.  This  figure  clearly  shows  that  the  highest  value  of  hydraulic  conductivity  is 
located  at  a  depth  of  between  74  and  78  feet.  Additionally,  it  reveals  a  likely  zone  of 
slightly  higher  hydraulic  conductivity  at  a  depth  of  between  22  and  26  feet.  The 
presence  of  this  zone  was  not  evident  in  the  analysis  of  data  at  intervals  of  two  feet 
because  of  the  data  scatter  at  this  higher  resolution.  This  demonstrates  the  value  of 
analyzing  data  using  various  ways  to  glean  as  much  information  as  possible  from  a  test. 

Results  from  this  EBF  test  provide  a  good  picture  of  the  heterogeneity  of  the  hydraulic 
conductivity  at  the  former  England  Air  Force  Base  site.  The  structure  and  magnitude  of 
ambient  flows  recorded  at  this  site  should  be  especially  useful.  Generally,  this  was  a 
quite  successful  test  and  should  be  valuable  in  developing  a  groundwater  remediation 
strategy  for  this  site. 
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Appendix  A 


Graphs  of  Flow  Profiles  for  Ambient  and  Induced  Flows 
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Figure  A-1:  Profile  of  Flow  Rate  in  Well  1 
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Figure  A-2:  Profile  of  Flow  Rate  in  Well  2 
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Figure  A-3:  Profile  of  Flow  Rate  in  Well  1 0 
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Appendix  B 


Computed  Profiles  of  Relative  Hydraulic  Conductivity 


Figure  B-1:  Profile  of  Relative  Hydraulic  Conductivity  in  Well  1 
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Figure  B-3B:  Profile  of  Relative  Hydraulic  Conductivity  for  Well  10 
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GROUNDWATER  SAMPLING  RECORD 

ltd 2i 


I  2500-Area  MONITORING  WELL 


SAMPLING  LOCATION:  England  AFB,  f  1  800-Area; 

X 

DATE  AND  TIME  OF  SAMPLING:  May  ^  6  , 1999  I  IjjD  a.m./p.m. 
SAMPLE  COLLECTED  BY:  DW  /TH  of  Parsons  ES:  Houston  and  Denver  Offices. 
WEATHER:  frwlL  j  \bL  ,  ^  - 


MONITORING  WELL  CONDITION: 

1  M  WELL  NUMBER  IS  APPARENT  i  ,  .  . 

2  Df-  WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN:  LO/  oje  (jmV  h> 

3  vC  PVC  CONDITION  IS  UNDAMAGED 

4  [  ]  PVC  CONDITION  IS  DAMAGED.  EXPLAIN:  " _ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 

[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


PRODUCT  INFORMATION: 

5  []  PRODUCT  OBSERVED  AT  DEPTH  OF _ FT.  BELOW  DATUM  WITH  _ 

6  PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION^ 

7  [  ]  WATER  DEPTH  MEASURED  AT  VU  FT.  BELOW  DATUM  WITH 

8  [  ]  OTHER.  EXPLAIN: _ 


MONITORING  WELL  EVACUATION  METHOD: 

9  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 


10  (  1 

n^q 


DEDICATED  QED  WELL  WIZARD  PUMP:  •  n  , 

BLADDER  PUMP  OR  OTHER: _ »  YAcb  Wi 

Items  Cleaned  (List): _  _  v 


MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM’’ 
Initial  Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors/comments: _ 

Other  comments: _ 


LCb hs 


N 


ON-SITE  MEASUREMENTS: 

1 2*/]  SEE  “ON  SITE  MEASUREMENT  FORM” 

1 3  TT  NOT  PERFORMED,  EXPLAIN: _ 

GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

1 4  4^  1  MICROSEEPS  Dissolved  Hydrogen  Vials  (  20  mL) 

15  [  ]  Notes/Comments/Other: _ _ 


ON-SITE  SAMPLE  TREATMENT: 

16  NONE 

17  [  ]  [  ]  FILTRATION:  Method _  Containers:. 

[  ]  PRESERVATIVES  Method _  Containers:. 


CONTAINER  HANDLING: 

1 8  Nf  Container  Sides  Labeled 

191]  Container  Lids  Taped 

20  [  ]  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _  <<(>  l 


+ 


^ 


7Vll 
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ON-SITE  MEASUREMENT  FORM 

SAMPLING  LOCATION:  England  AFB.  f  1  800-AreaV  1  2500-Area  MONITORING  WELL: 


VJ 


DIRECT  INSTRUMENT  READINGS 


Time 

m 

4ML 

n:is 

Measured  With 

Temp  (°C) 

Oo.3\ 

PH 

ua 

470 

Cond  (nS/cm) 

UM  j 

I,0b7 

J.o?& 

Do  (mg/L) 

Ml 

Lid  | 

o-tt 

Redox  (mv) 

-1  SO.D 

-rl4?A 

-  I'M 

Observations; 

Ja  / 

tni 

gallons  purged 

l 

j£ 

1 

Additional  Comments: 


FIELD  CHEMISTRY  RESULTS 


Analyte 

Dilution? 

Concentration 

Observations/Notes 

(1)  Sulfate 

(2)  Sulfide 

(3)  Manganese 

(4)  Ferrous  Iron 

(5)  Alkalinity 

(6)  Carbon  Dioxide 

(7)  Chloride 

Additional  Comments: 


FIELD  QA/QC  PERFORMED  AT  THIS  LOCATION?  [  1  No;  {  }  Yes  (see  below) 


Analyte 

Standard  Addition  Cone. 

Measured  Cone. 

Notes 

\ 
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_  GROUNDWATER  SAMPLING  RECORD 

SAMPLING  LOCATION:  England  AFB.r  1  800- Area:  2500- Area  MONITORING  WELL:  j 

DATE  AND  TIME  OF  SAMPLING:  March  A-2  ,  1999  tjo  3o a.m./p<TTp 

SAMPLE  COLLECTED  BY:  /  TH  /  JB  of  Parsons  ES:  Houston  and  Denver  Offices. 

WEATHER:  Cfll/vi  *•  - _ _ 

MONITORING  WELL  CONDITION: 

1  [  ]  WELL  NUMBER  IS  APPARENT 

2  X  WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN:  hJo  iMoslOU  1  ^  ,xuU 

3^  PVC  CONDITION  IS  UNDAMAGED  * 

4  [  ]  PVC  CONDITION  IS  DAMAGED.  EXPLAIN: 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 

[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ _ 


PRODUCT  INFORMATION: 

5  [  ]  PRODUCT  OBSERVED  AT  DEPTH  OF _ FT.  BELOW  DATUM  WITH  _ 

PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION: 

7  []  WATER  DEPTH  MEASURED  AT  6,?Q  FT.  BELOW  DATUM  WITH 

8  [  ]  OTHER.  EXPLAIN: _ 

MONITORING  WELL  EVACUATION  METHOD: 

9  [  ]  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 

1 0  [  ]  DEDICATED  QED  WELL  WIZARD  PUMP: 

1 1  [  3  BLADDER  PUMP  OR  OTHER:  _ 

Items  Cleaned  (List): _ _ _ _ 


MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM” 
Initial  Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors/comments: _ 

Other  comments: _ 


ON-SITE  MEASUREMENTS: 

1  ZJ&C  SEE  “ON  SITE  MEASUREMENT  FORM” 
13  [  ]  NOT  PERFORMED,  EXPLAIN: _ 


GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

14  SW8260A  (40  mL  VOAs);  _J_  DOC  by  E415.1  fgc  wL6A  Bottle): 

_ Sulfate/Chloride  by  Meth.  N-601  (  mL  Bottle):  Nitrate  bv  E300/SW9056  (  ml.  Rnttlet 

15  Gtf  NONE/OTHER: 


_NRMRL-147  (40  mL  VOAs) 


"77  1/coiU 
ON-SITE  SAMPLE  TREATMENT: 
l&SL  NONE 

17  [  )  [  ]  FILTRATION: 

[  ]  PRESERVATIVES 


1/  II 


Method, 

Method 


/  /i  pt*thk. 


Containers:, 

Containers: 


CONTAINER  HANDLING: 

1 8  fy*]  Container  Sides  Labeled 

19  [  ]  Container  Lids  Taped 

20  [  ]  Containers  Placed  in  Ice  Chest 


OTHER  COMMENTS: 
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J  ON-SITE  MEASUREMENT  FORM 

^SA MPj^gr-hrAT^nM-  England  AFB,  £  1  800-Area;  jjfl  2500-Area  MONITORING  WELL:  .  *tf  i 


ON-SITE  MEASUREMENT  FORM 


DIRECT  INSTRUMENT  READINGS 


5?  .Time _ 

g  Temp  f°Q _ L 

_gH _ 6 

Cond  (uS/cm)  o. 

Do  fmg/L) _ g 

Redox  (mv)  _  «■" 


2-O.frk  to.lH 
6>.gtC  i.gt, 

>‘39?  0. 9-S3  n,q<r5 

8.35~  QtS?  Qi?io 

-US,?  _mfi 


I  gallons  purged  | 
Additional  Comments: 


i(*n 

iL74_  fGlI 

20i33: 

29j32 

-20.fi! 

(q*  &£> 

(«(8t 

(icftfc 

0.1  SL 

OMl- 

o-'Jr? 

O-'M 

O.^i 

0.32. 

zWSA 

_ ~  iTUT 

M'/e^ 

U  O*i0 

tiO^O 

t.o?0 

4o 

So 

CjO 

Measured  With 
&20XL-R-0 
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GROUNDWATER  SAMPLING  RECORD 

SAMPLING  LOCATIONiJEngland  AFB,  f  1  800-Area:  rVl  2500-Area  MONITORING  WELL:  fajzll 

DATE  AND  TIME  OF  SAMPLING:  May  1999  a.mVp.m. 

SAMPLE  COLLECTED  BY:  DW/TH  of  Parsons  ES:  Houston  and  Denver  Offices 
WEATHER:  /L’./l  .  »,AL  .  liX  . 


MONITORING  WELL  CONDITION: 


WELL  NUMBER  IS  APPARENT  , 

WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN:  AL  V^cJi 

PVC  CONDITION  IS  UNDAMAGED 

PVC  CONDITION  IS  DAMAGED.  EXPLAIN: 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


PRODUCT  INFORMATION: 

5  [  ]  PRODUCT  OBSERVED  AT  DEPTH  OF _ FT.  BELOW  DATUM  WITH 

6  [  ]  PRODUCT  NOT  OBSERVED  - - 

WATER  LEVEL/CONDITION  INFORMATION:  / 

7[]  WATER  DEPTH  MEASURED  AT  FT.  BELOW  DATUM  WITH  UPl- 

8  [  ]  OTHER.  EXPLAIN: _ _ _  ~ 

MONITORLNG  WELL  EVACUATION  METHOD: 

9  DS-  PERISTALTIC  PUMP  AND  DEDICATED  TUBING  A^l 

10[1  DEDICATED  QED  WELL  WIZARD  PUMP:  n 

LL:°c.eE^rroTHER:-  « 

MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM” 

Initial  Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  *  fell  -  no  change) 

Water  odors/comments: _ _ 

Other  comments: _ 

ON-SITE  MEASUREMENTS: 

1 2  fcQ-  SEE  “ON  SITE  MEASUREMENT  FORM” 

13  [  ]  NOT  PERFORMED,  EXPLAIN: _ _ _ _ _ 

GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

^  bs  1  MICROSEEPS  Dissolved  Hydrogen  Vials  (  mL) 

do 

15  [  ]  Notes/Comments/Other: _ 

ON-SITE  SAMPLE  TREATMENT: 

16  VI  NONE 

17  f  ]  N  FILTRATION:  Method_ _ _  Containers:_ _ 

[  ]  PRESERVATIVES  Method  Containers: 

CONTAINER  HANDLING: 

1 8  fsJf  ,  Container  Sides  Labeled 

1 9  [  ]  Container  Lids  Taped 

20  [  ]  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ ft 7*  cW  .  -  *7S  1  A  _ 


Method. 

Method 


Containers:. 

Containers: 


OTHER  COMMENTS;. 


3^  -iaHc 


(B. 
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ON-SITE  MEASUREMENT  FORM 

RAMPLING  LOCATION:  England  APB,  f  1  800-Area:  (VI  2500-Area  MONITORING  WELL: _ (jjgll  4^2- 


DIRECT  INSTRUMENT  READINGS 


Sf 


Time 

15  :£>o 

\S*>7 

^  \(p 

1571 

IS-2L 

Measured  With 

Temp  (°C) 

?o.7l 

3&AT- 

20,0_1_ 

pH 

CSl 

fc.SO 

£>•61  . 

Cond  (fS/cm) 

oahS 

O.VL 

Do  (mg/L) 

z.o* 

2.0b 

Ml 

f.7g> 

177  .. 

- 

Redox  (mv) 

-  faT-V 

-m.i 

-  m.3 

-m.4, 

Observations: 

cie^v* 

C\o*\ . 

CUkA 

gallons  purged 

_j _ 

■  33^L 

TsOj 

Do  S>v*&fPcl  - 

laa\v,v.br  4- 


FIELD  CHEMISTRY  RESULTS 


Analyte 

Dilution? 

Concentration 

Observations/Notes 

(t)  Sulfate 

(2)  Sulfide 

(3)  Manganese 

(4)  Ferrous  Iron 

(5)  Alkalinity 

(6)  Carbon  Dioxide 

(7)  Chloride 

Additional  Comments:. 


FIELD  QA/QC  PERFORMED  AT  THIS  LOCATION?  [  1  No;  [  I  Yes  (see  below) 


Analyte 

Standard  Addition  Cone. 

Measured  Cone. 

Notes 
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'  GROUNDWATER  SAMPLING  RECORD 

SAMPLING  LOCATION:  England  AFB.  [  ]  800-Area:  £ ^  2500-Area  MONITORING  WELL:  Efr  z_ 

DATE  AND  TIME  OF  SAMPLING:  March  I  2.  ,  1999  1 1 39  (Sg/jp . m. 

SAMPLE  COLLECTED  BY  .<ZE5>/  TH  /  JB  of  Parsons  ES:  Houston  and  Denver  Offices. 

WEATHER:  50°  bf^g-z.  V _ _ _ 

MONITORING  WELL  CONDITION: 

1  [  ]  WELL  NUMBER  IS  APPARENT 

2  JV  WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN:  Wdl  _ 

3  PVC  CONDITION  IS  UNDAMAGED 

4  [  ]  PVC  CONDITION  IS  DAMAGED.  EXPLAIN:  _ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 

[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


PRODUCT  INFORMATION: 

5  [1  PRODUCT  OBSERVED  AT  DEPTH  OF _ FT.  BELOW  DATUM  WITH _ 

6  K  PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION: 

7  m  WATER  DEPTH  MEASURED  AT  FT.  BELOW  DATUM  WITH _ 

8  [  ]  OTHER.  EXPLAIN:  _ _ _ _ 

MONITORING  WELL  EVACUATION  METHOD: 

9  [  ]  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 

10  [  ]  DEDICATED  QED  WELL  WIZARD  PUMP: 

1 1  txj"  BLADDER  PUMP  OR  OTHER:  _ 

Items  Cleaned  (List): _ _ _ _ _ 

MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SH  E  MEASUREMENT  FORM” 

Initial  Observations:  Water  (atigfatfo-  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors/comments:  _ 

Other  comments: _ _ _ 

ON-SITE  MEASUREMENTS:  N 

1 2  j£]  SEE  “ON  SITE  MEASUREMENT  FORM” 

13  [  ]  NOT  PERFORMED,  EXPLAIN: _ _ _ 

GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

14  [  ]  _ SW8260A  (40  mL  VOAs); _ DOC  by  E415.1  (__mL _ Bottle):  NRMRL-147  (40  mL  VOAs) 

_ Sulfate/Chloride  by  Meth.  N-601  (  mL  _ Bottle); _ Nitrate  by  E300/SW9056  (_mL Bottle) 

15  [  ]  NONE/OTHER: 

ON-SITE  SAMPLE  TREATMENT: 

16JXJ  NONE 

17  [  ]  [  ]  FILTRATION: 

[  ]  PRESERVATIVES 

CONTAINER  HANDLING: 

1 8  Container  Sides  Labeled 

19  [  1  Container  Lids  Taped 

2&4g  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ _ 


Method _  Containers:. 

Method _  Containers:. 
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ON-SITE  MEASUREMENT  FORM 

JVtPLING  LOCATION:  England  AFB.  £  1  800-Area:  m  2500- Area  MONITORING  WELL: 


DIRECT  INSTRUMENT  READINGS 


Additional  Comments: 


£lcu  go'1 
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GROUNDWATER  SAMPLING  RECORD 


SAMPLING  LOCATION:  England  AFB.  £  1  800-Area:  fXI  2500-Area  MONITORING  WELL:  ^  3 

DATE  AND  TIME  OF  SAMPLING:  March  (j.  ,  1999 

SAMPLE  COLLECTED  BY:(^3^/  TH  /  JB  of  Parsons  ES:  Houston  and  Denver  Offices. 

WEATHER:  gfl-uJ  °P- _ _ 

MQNIJORING  WELL  CONDITION: 

1  WELL  NUMBER  IS  APPARENT 

2  []  WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN: _ _ 

3  kT  PVC  CONDITION  IS  UNDAMAGED 

4  [  ]  PVC  CONDITION  IS  DAMAGED.  EXPLAIN: _ _ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 

[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ _ 


PRODUCT  INFORMATION: 

5  [  ]  PRODUCT  OBSERVED  AT  DEPTH  OF  _  FT.  BELOW  DATUM  WITH 

6  fc<j  PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION: 

7  [  ]  WATER  DEPTH  MEASURED  AT  IOTAS'  FT.  BELOW  DATUM  WITH _ 

8  [  ]  OTHER.  EXPLAIN: _ 

MONITORING  WELL  EVACUATION  METHOD: 

9  [  ]  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 

10  [  ]  DEDICATED  QED  WELL  WIZARD  PUMP: 

1 1  BLADDER  PUMP  OR  OTHER:  fcrturfppoS _ _ 

Items  Cleaned  (List): _ _ _ __ 

MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM” 

Initial  Observations:  Water  (gfigEffi  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors/comments:  n/A- _ _ 

Other  comments: _ 

ON-SITE  MEASUREMENTS:  v 

1 2  H  SEE  “ON  SITE  MEASUREMENT  FORM” 

13  [  ]  NOT  PERFORMED,  EXPLAIN: _ 

GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

14  [  ]  _±  SW8260A  (40  mL  VOAs);  J_  DOC  by  E415.1  ( mL  Bottle);  3NRMRL-147  (40  mL  VOAs) 

_ Sulfate/Chloride  by  Meth.  N-601  (  mL  _ Bottle); _ Nitrate  by  E300/SW9056  (  mT.  Bottle) 

15  [  ]  NONE/OTHER: 

ON-SITE  SAMPLE  TREATMENT: 

1®&  NONE 

17  [  ]  [  ]  FILTRATION:  Method _  Containers: _ 

[  ]  PRESERVATIVES  Method _  Containers: _ _ 

CONTAINER  HANDLING: 

18  Container  Sides  Labeled 

19  [  ]  Container  Lids  Taped 

20  [  ]  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _  _ 


PARSONS  ENGINEERING  SCIENCE,  INC. 
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GROUNDWATER  SAMPLING  RECORD 


SAMPLING  LOCATION:  England  AFB.f  1  800-Area: 2500-Area  MONITORING  WELL:_ 

DATE  AND  TIME  OF  SAMPLING:  May  .  1999  K?  'jBz.mJy.m. 

SAMPLE  COLLECTED  BY:  DW  /  TH  of  Parsons  ES:  Houston  and  Denver  Offices. 

WEATHER: _ _ 

MONITORING  WELL  CONDITION: 


i  H 

?i4- 

4  [] 


WELL  NUMBER  IS  APPARENT 

WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN:. 

PVC  CONDITION  IS  UNDAMAGED 

PVC  CONDITION  IS  DAMAGED.  EXPLAIN: 


[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


PRODUCT  INFORMATION: 

5  (  ]  PRODUCT  OBSERVED  AT  DEPTH  OF 

6^4-^  PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION:  .  . 

7  V]  WATER  DEPTH  MEASURED  AT_  * 

*1  ] 


FT.  BELOW  DATUM  WITH 


FT.  BELOW  DATUM  WITH 


OTHER.  EXPLAIN: 


MONITORING  WELL  EVACUATION  METHOD: 

9  (4  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 

10  []  DEDICATED  QED  WELL  WIZA' 

1 1  BLADDER  PUMP  OR  OTHER; 


Items  Cleaned  (List);_ 


RD  PUMP:  ,  •  , 

. . . 


MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM" 
Initial  Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors/comments: _ 

Other  comments: _ 


ON-sn 


ON-SITE  MEASUREMENTS: 

SEE  “ON  SITE  MEASUREMENT  FORM” 
NOT  PERFORMED,  EXPLAIN: _ 


Notes/Comments/Other: 


GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

1 4  \  MICROSEEPS  Dissolved  Hydrogen  Vials  (  Quc?  tnL) 

15 

ON-SITE  SAMPLE  TREATMENT: 

16  ()L  NONE 

17  f]  [  ]  FILTRATION: 

[  ]  PRESERVATIVES 


■IS 


S  jj0_^ t~  V£»A  j  (q)  IA' tS L>sll 


Mctho<f_ 

Method 


Containers:^ 

Containers: 


CONTAINER  HANDLING: 

1  S'&dL.  Container  Sides  Labeled 

191  ]  Container  Lids  Taped 

20  [  ]  Containers  Placed  in  Ice  Chest 


OTHER  COMMENTS: 


V5 


(t>b 


4 


4*2. 
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Time  ~~  '  i 
~Temp  PCi  | 

^.Kond  (!)tS/cm) 

l>o(mg/L)  — 

.Redox  (mv)  r 

Ubservations:  I 

gallons  purged  [ 

Additional  Comments: 


h21  j  Q  po.  11 

^k-Tjjr 


I islr 

L^gT 

317T 


^Measured  With" 


_  CS-OZ, 


Analyte 
To  Sunate 

(2)  Sulfide _ 

Manganese^ 

(4)  Ferrous  Iron 
_  ffl  Alkalinity 
JgJ  Carbon  PioxfH~ 
LiQi'flJoride 
Additional  Comments: 


Dilution? 


FIELD  CHEMISTRY  REsrrr  to 
- - L  concentration 


JJbservations/Nnfcc- 


fAMONl 


BNCINIIri^q  BCIBWew 
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GROUNDWATER  SAMPLING  RECORD 


SAMPLING  LOCATION:  England  AF 


I  800-Area:  f>l2500-Area  MONITORING  WELL: 


DATE  AND  TIME  OF  SAMPLING:  May  1999  \  ?£  a.m./p.m. 

SAMPLE  COLLECTED  BY:  DW  /  TH  of  Parsons  ES:  Houston  and  Denver  Offices. 
WEATHER:  C\r£\  ,  SvlAa  >  WcAM  ,  Mvt-ysM, - 


MONITORING  WELL  CONDITIO^:  w 

1  [>(  WELL  NUMBER  IS  APPARENT 

2  I  ]  WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN: _ 

3  1>C  PVC  CONDITION  IS  UNDAMAGED 

4  [  ]  PVC  CONDITION  IS  DAMAGED.  EXPLAIN: _ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


FT.  BELOW  DATUM  WITH 


PRODUCT  INFORMATION:  . 

5  (  ]  PRODUCT  OBSERVED  AT  DEPTH  OF  FT.  BELOW  DATUM  WITH 

6  ^3  PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION:  , 

7  WATER  DEPTH  MEASURED  AT  |  d  ■  D  '  FT.  BELOW  DA' 

8  [  ]  OTHER.  EXPLAIN: _ 

MONITORING  WELL  EVACUATION  METHOD:  ,  i\  /s 

9  M*  PERISTALTIC  PUMP  AND  DEDICATED  TUBING  £  n^,  .  11 

10  M]  DEDICATED  QED  WELL  WIZARD  PUMP: 

1 1  [SL  BLADDER  PUMP  OR  OTHER: _ 

V  Items  Cleaned  (List):, _ __ _ _ _ 

MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM” 

Initial  Observations:  Water  (slightly  •  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors/comments: _ 

Other  comments: _ 

ON-SITE  MEASUREMENTS: 

12]>1  SEE  “ON  SITE  MEASUREMENT  FORM” 

131]  NOT  PERFORMED,  EXPLAIN: _ _ 


&  ^3-  j 


JNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES:/^ 

1  MICROSEEPS  Dissolved  Hydrogen  Vials  ( _5£_mL) C6 [U) ^ 0 


Notes/Comments/Other:_ 


ON-SITE  SAMPLE  TREATMENT: 

16  NONE 

17  j>£  (  ]  FILTRATION: 

kl  PRESERVATIVES 


CONTAINER  HANDLING: 

18  [>4.  Container  Sides  Labeled 

1 9  [  ]  Container  Lids  Taped 

20  [  ]  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ LQ-JE— 


91  *<U  Vflfc.  W  WLj  ri  AO  vmL-  ^ 

Method _  _  Containers: _ _ _ 

Method  Containers:  _ 

\  dCj^  7ia 


—  A £zj 


(B 
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ON-SITE  MEASUREMENT  FORM 

SAMPLING  LOCATION, JasM  AF3.  |  MONTOS.NO  V  -  • 


~Time 
Temp  (°C) 

Cond  (yS/cm) 
Do  (mg/L) 
Redox  (mv) 
Observations; 


_ D^crwsTRufiSj  ^ 

_ i_4v?S  .fc.TS  !  u^n ' 

V  - 1 - v 


Measured  With 


|  gallons  purged  I 
Additional  Comments 


I  q  I  1  n  .  :  7^  '  !  / 


_44£T 


tP 
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.  GROUNDWATER  SAMPLING  RECORD 

SAMPLING  LOCATION:  England  AFB.  £  1  800-Area:  f  1  2500-Area  MONITORING  WELL:  4 


DATE  AND  TIME  OF  SAMPLING:  March 
SAMPLE  COLLECTED  BY:  DW  /  TH  /  JB' 
WEATHER:  ~5Q 


|X  .  1999 

of  Parsons  ES:  Houston  and  Denver  Offices. 
sUfrtit  7V.~2 zJ*. - 


MONITORING  WELL  CONDITION: 

1  WELL  NUMBER  IS  APPARENT 

2  [  ]  WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN: _ 

3  hK  PVC  CONDITION  IS  UNDAMAGED 

4  [  ]  PVC  CONDITION  IS  DAMAGED.  EXPLAIN: _ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


PRODUCT  INFORMATION: 

5  [  ]  PRODUCT  OBSERVED  AT  DEPTH  OF _ FT.  BELOW  DATUM  WITH  _ 

6  fxf—  PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION: 

7  #4-  WATER  DEPTH  MEASURED  AT  i/;24  FT.  BELOW  DATUM  WITH 

8  [  ]  OTHER.  EXPLAIN:  _ _ _ _ 

MONITORING  WELL  EVACUATION  METHOD: 

9  [  ]  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 

10  [  ]  DEDICATED  QED  WELL  WIZARD  PUMP: 

BLADDER  PUMP  OR  OTHER:  - _ 

Items  Cleaned  (List): _ _ _ 


MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM” 
Initial  Observations:  Water  fS5gh3y  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors/comments:  mo _ 

Other  comments: _ 


ON-SITE  MEASUREMENTS: 

1 2 U/f  SEE  “ON  SITE  MEASUREMENT  FORM” 

1 3T1  NOT  PERFORMED,  EXPLAIN: _ 


GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

14  ^  8  SW8260A  (40  mL  VOAs);  J_  DOC  by  E415.1  feo  mL44  Bottle);  3  NRMRL-147  (40  mL  VOAs) 

X Sulfate/Chloride  by  Meth.  N-601  (  mL  _ Bottle); _ Nitrate  by  E300/SW9056  (  mL _ Bottle) 

15^  NONE/OTHER:. 


ON-SITE  SAMPLE  TREATMENT: 

16  M  NONE 

17  [  ]  [  ]  FILTRATION: 

[  ]  PRESERVATIVES 


Method 


/  Z 


Method.. 


Containers:, 

Containers:, 


CONTAINER  HANDLING: 

18  Container  Sides  Labeled 

19  [  ]  Container  Lids  Taped 

20  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ 


PARSONS  ENGINEERING  SCIENCE,  INC. 


S:\cs\remcd\bioplumc\forTTis\gwfonn2a.  doc 


Page  1  of 2 


/ 
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M  ON-SITE  MEASUREMENT  FORM 

AMPLING  LOCATION:_£ngland  A  FR  f  J  «nn.Area:  f  ^2500-  Area  MONITORING  WELL: 


DIRECT  INSTRUMENT  READINGS 


l±Tf  IH27.  |Hl~^  |  (^ 


/B.7? 


o  ,76 


.85- 

&>,  ffT* 

P6 

,w  1 

0-18S  j*,./,eo/  I  l.oo^f  I  |,oo^ 


Additional  Comments:  ~  .Q  Mru 

Do  cd-b'-ition  Ztrr.  gT  0,20  mq/L- 
- l«S*ooor>  au,at  &-tt. 


Measured  With 


Analyte 


■■UKrorerc 


FIELD  CHEMISTRY  RESULTS 
__  Dilution?  |  Concentration 


O 


(6)  Carbon  Dioxide 

(7)  Chloride _ 

Additional  Comments: 


ku 


Ajfl 


Observations/Notes 


r  /»  I _ . 


Analyte 


FTCLP  QA/QC  PERFORMED  AT  THIS  LOCATION??  l/No.  ,  ,  Yes 
Standard  Addition  Cone.  |  Measured  Cone  ™  I  Notes 


see  below) 


LS_J  PARSONS  ENGINEERING  SCIENCE,  INC. 
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GROUNDWATER  SAMPLING  RECORD 


^pJAMPLING  LOCATION:  England  AFB,  f  1  800-Arga;  [\j 2500-Area  MONITORING  WELL:  Ujglj 
DATE  AND  TIME  OF  SAMPLING:  May  3^  .  1999  1 7-13  a.m./p.m. 


SAMPLE  COLLECTED  BY:  DW  /TH  of  Parsons  ES:  Houston  and  Denver  Offices. 
WEATHER: 


MONITORING  WELL  CONDITION: 

1  M  WELL  NUMBER  IS  APPARENT 

2  [  ]  WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN: _ 

3  V)  PVC  CONDITION  IS  UNDAMAGED 

4  [  ]  PVC  CONDITION  IS  DAMAGED.  EXPLAIN: 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


.  FT.  BELOW  DATUM  WITH 


PRODUCT  INFORMATION: 

5  [  ]  PRODUCT  OBSERVED  AT  DEPTH  OF  _ 

6  ^  PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION: 

7  K]  WATER  DEPTH  MEASURED  AT  ^  •  1 2-  FT.  BELOW  DATUM  WITH 

8  [  ]  OTHER.  EXPLAIN: 


MONITORING  WELL  EVACUATION  METHOD: 

9  yi  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 

10  [  J  DEDICATED  QED  WELL  WIZARD  P^JMP:  ^ 


11 


i  1  i  tu  yruj  wtLL  WIZARD  PUMP:  , 

BLADDER  PUMP  OR  OTHER:  r  tnuU 

Items  Cleaned  (List): _  Q  J  i  / 


MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM” 
Initial  Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors/comments: _ 

Other  comments: _ 


ON-SITE  MEASUREMENTS: 

12  P4  SEE  “ON  SITE  MEASUREMENT  FORM” 


13  [  ] 


NOT  PERFORMED,  EXPLAIN: 


GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANA  LYSES:  , 

_.V  M1CROSEEPS  Dissolved  Hydrogen  Vials  (  c4Q  mL~)  \zxx&*\  (3  [$  A?> 


13  (  ]  Notes/Comments/Other: _ 

ON-SITE  SAMPLE  TREATMENT: 
l«4(]  NONE 

17  [j  (  ]  FILTRATION:  Method 

[  ]  PRESERVATIVES  Method' 

CONTAINER  HANDLING: 

18^9  Container  Sides  Labeled 

19  [  ]  Container  Lids  Taped 

20  [  ]  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ L/s  [  j 


Containers:, 

Containers: 


^  ss~ 


ytLu  (jug.  2j2  jL  ^ . 


ra 
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ON-SITE  MEASUREMENT  FORM 

SAMPLING  LOCATION:_  England  AFB.  f  1  800-Area:  ivf  2500-Area  MONITORING  WELL:  4>&fl 


DIRECT  INSTRUMENT  READINGS 


Time 

i  r-Hu 

Measured  With 

Temp  (°C) 

05.  Lb 

'ZL&S' 

fll.ffl 

alii  i 

pH 

j£S 

440 

>3 

Cond  (^S/cm) 

orm 

f.otf 

/,4» 

Do  (mg/L) 

Mi 

0‘  It 

Redox  (mv) 

•?t>A 

-/s’ j.sr 

-P*4 

Observations: 

tyxA 

Sl.'s^Vy  ^ 

gallons  purged 

_l _ 

_Z<2 _ 

rgvr 

I 

i  ■ 

Additional  Comments: 


FIELD  CHEMISTRY  RESULTS 


Analyte 

Dilution? 

Concentration 

Observations/Notes 

(l)  Sulfate 

(2)  Sulfide 

(3)  Manganese 

(4)  Ferrous  Iron 

(5)  Alkalinity 

(6)  Carbon  Dioxide 

; 

(7)  Chloride 

Additional  Comments: 


FIELD  QA/QC  PERFORMED  AT  THIS  LOCATION?  [  ]  No;  [  ]  Yes  (see  below) 


Analyte 

Standard  Addition  Cone. 

Measured  Cone. 

Notes 

•- 

PARSONS 
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GROUNDWATER  SAMPLING  RECORD 


SAMPLING  LOCATION:  England  AFB.  f 

DATE  AND  TIME  OF  SAMPLING:  March 
SAMPLE  COLLECTED  BY:  DW  /  TH  /  JB 
WEATHER:  ° 


800- Area:  Txl  2500-Area  MONITORING  WELL:_ 

1-3.  ,  1999  \3S5~  a.m.^gp 

of  Parsons  ES:  Houston  and  Denver  Offices. 


MONITORING  WELL  CONDITION: 


WELL  NUMBER  IS  APPARENT 

WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN: _ 

PVC  CONDITION  IS  UNDAMAGED 

PVC  CONDITION  IS  DAMAGED.  EXPLAIN: _ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


PRODUCT  INFORMATION: 

5  [  ]  PRODUCT  OBSERVED  AT  DEPTH  OF 

6  £4  PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION: 

7  Kl  WATER  DEPTH  MEASURED  AT  ~7.  < 

8  [  ]  OTHER.  EXPLAIN: _ 


FT.  BELOW  DATUM  WITH 


FT.  BELOW  DATUM  WITH 


MONITORING  WELL  EVACUATION  METHOD: 

9  [  ]  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 

1 0  [  ]  DEDICATED  QED  WELL  WIZARD  PUMP: 

1 1  M  BLADDER  PUMP  OR  OTHER:  _ _ 

Items  Cleaned  (List):  _ _ 

MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM” 

Initial  Observations:  Water<£SfigE§^-  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors/comments:  _ _ 

Other  comments: _ _____ 

ON-SITE  MEASUREMENTS:  v 

1 2  [  ]  SEE  “ON  SITE  MEASUREMENT  FORM” 

13  [  ]  NOT  PERFORMED,  EXPLAIN: _ 

GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

14  M  2>L  SW8260A  (40  mL  VOAs);  _J_  DOC  by  E415.1  (StemL  6A  Bottle);  6>  NRMRL-147  (40  mL  VOAs) 

_ Sulfate/Chloride  by  Meth.  N-601  ( _ mL  _ Bottle); _ Nitrate  by  E300/SW9056  (  mL _ Bottle) 

15  [<]  NONE/OTHER:  _  _ 

tte*J  c*  ■  I  i.  prfcstfc 

ON-SITE  SAMPLE  TREATMENT: 

16  p]  NONE 

17  [  ]  [  ]  FILTRATION:  Method _  Containers: _ 

[  ]  PRESERVATIVES  Method _  Containers: _ 

CONTAINER  HANDLING: 

18  [>0  Container  Sides  Labeled 

19  (  ]  Container  Lids  Taped 

20  [  ]  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _  _ 


l" — J  PARSONS  ENGINEERING  SCIENCE,  INC. 
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: ON-SITE  MEASUREMENT  FORM 

SAMPLING  LOCATION:  Fndand  AFB.r  1  800-Area:  2500-Area  MONITORING  WELL: _ S'* 


DIRECT  INSTRUMENT  READINGS 


Time 

rsoft 

»3n3 _ 

mz. 

13?2. 

Measured  With 

Temp  (°C) 

/“5.H 

22..  ol- 

az.»l 

IS- 1*5_ 

pH 

fc,  63. 

GrA* 

(/MT. 

Cond  (pS/cm) 

Ofifr- 

l.oM'S' 

t.o'yi 

i,«r7 

Do  (mg/L) 

0,3^  ... 

v>X 

p.j*i 

Redox  (mv) 

H*. 

-IV* 

Observations: 

X# 

Ll‘«,r 

x.iou 

|.|M 

Ll^ 

/Ct 

gallons  purged 

l 

-U _ 

u — - 

H±- 

5*8 

Additional  Comments: _ _ _ _ 

ZZ  7. Qpnn  pury  . . . — . 

_ dl _ po  at  OJ3.  °j/^- - 

*  •**■+*'  p.-d.  fud  ~j.h 

FIELD  CHEMISTRY  RESULTS _ 


Analyte 

Dilution? 

Concentration 

Observations/N  otes 

(1)  Sulfate 

NO 

0.0 

Ho  Colo'  % »“ 

(2)  Sulfide 

0.0  i*a<*|U 

fJO  ft/ o 

(3)  Manganese 

fs/O 

3.0  r*^(  L 

Vic\<V 

(4)  Ferrous  Iron 

yo 

Dc*p  c©Vuf 

(5)  Alkalinity 

X20-  lfco*3/t- 

f-l  is<*k  * 

(6)  Carbon  Dioxide 

DC 

Ob 

- — 

(7)  Chloride 

1  • 

Additional  Comments: _ _ _  _ 

SAmpUs  PfIVe  A  b*Pat?  A-ty^VyS^y. 


FIELD  QA7QC  PERFORMED  AT  THIS  LOCATION?  [  1  No;  f  1  Yes  (see  below) 


Analyte 

Standard  Addition  Cone. 

Measured  Cone. 

Notes 

PARSONS  ENGINEERING  SCIENCE,  INC. 
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GROUNDWATER  SAMPLING  RECORD 


SAMPLING  LOCATION:  England  AFB.  [  1  800-Area: T vt]  2500-Area  MONITORING  WELL: 


DATE  AND  TIME  OF  SAMPLING:  March _ M 

SAMPLE  COLLECTED  BY:<t5^  /  TH /4B3 
WEATHER:  C>fi  P*  ^  fnn/rt-tt-  '3~^1 

MONITORING  WELL  CONDITION: 


_ ,  1999 _ a.m./^j|h 

of  Parsons  ES:  Houston  and  Denver  Offices. 

f  _ _ _ 


WELL  NUMBER  IS  APPARENT 

WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN: _ 

PVC  CONDITION  IS  UNDAMAGED 

P VC  CONDITION  IS  DAMAGED.  EXPLAIN: _ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


FT.  BELOW  DATUM  WITH 


PRODUCT  INFORMATION: 

5  [  ]  PRODUCT  OBSERVED  AT  DEPTH  OF _ FT.  BELOW  DATUM  WITH 

6  PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION: 

7  [  ]  WATER  DEPTH  MEASURED  AT  t,«o4  FT.  BELOW  DATUM 

8  [  ]  OTHER.  EXPLAIN: _ 

MONITORING  WELL  EVACUATION  METHOD: 

9  [  ]  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 

10  [  ]  DEDICATED  QED  WELL  WIZARD  PUMP: 

1 1  ^  BLADDER  PUMP  OR  OTHER:  _ 

Items  Cleaned  (List): _ _ _ _ 

MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SH  E  MEASUREMENT  FORM” 

Initial  Observations:  Water  (gEgEjfy  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors/comments:  vM- _ 

Other  comments: _ 

ON-SITE  MEASUREMENTS: 

12  [  ]  SEE  “ON  SITE  MEASUREMENT  FORM” 

13  [  ]  NOT  PERFORMED,  EXPLAIN: _ 

GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

14)G  SW8260A  (40  mL  VO  As);  )  DOCbyE415.1  (S®_mL  Bottle); 

f  \  _ Sulfate/Chloride  by  Meth.  N-601  (  mL  _ Bottle); _ Nitrate 


;  3  NRMRL-147  (40  mL  VOAs) 
by  E300/SW9056  (_mL _ Bottle) 


15  [  ]  NONE/OTHER:  ; 

ON-SITE  SAMPLE  TREATMENT: 

16  [>f  NONE 

17  [  ]  [  ]  FILTRATION:  Method. 

[  ]  PRESERVATIVES  Method. 

CONTAINER  HANDLING: 

18  Container  Sides  Labeled 

19  [  j  Container  Lids  Taped 

20  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ _ 


Containers:. 

Containers: 


I J5 _ )  PARSONS  ENGINEERING  SCIENCE,  INC. 
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ON-SITE  MEASUREMENT  FORM 

SAMPLING  LOCATION:  England  AFB.  r  1  800-Area:  p/l  2500-Area  MONITORING  WELL:  ^  C 


DIRECT  INSTRUMENT  READINGS 


Time 

Ut  36 

M3 

MS  | 

#Q? 

M  . 

Measured  With 

Temp  (°C) 

Zo,84 

21. /fe 

Ll.t>3 

-2l.  5*1 

J?H _ 

*7«o 

"I*  Dc> 

(>-H7 

J*'*i*7 

Cond  (|iS/cm) 

0.W1 

o.ffS4 

O.&sS 

. 

o.gs?- 

Do  (mg/L) 

0.3& 

0*3| 

(S.lfi 

Oilt- 

0,1? 

Redox  fmv) 

133. *1 

-126 

-131,  G 

Observations: 

0.713 

0.92  2 

b,Ht° 

o.na 

~o^F~ 

gallons  purged 

Z 

10 

__3p 

-4L . 

Ljgo _ 

eo 

Additional  Comments: 


Tq-UW  1  £s3 


FIELD  CHEMISTRY  RESULTS 


Analyte 

Dilution? 

Concentration 

Observations/Notes 

(1)  Sulfate 

N^o 

<5.0 

<&W  ^ 

(2)  Sulfide 

Mo 

O-o 

(3)  Manganese 

1**7  VH9  /L. 

(4)  Ferrous  Iron 

^ _ 

viWvIL. 

(5)  Alkalinity 

M44 . T  lJ.S437.r 

5dr^30*-i£?x^  -730^ 

A  ^5x)  ! 

(6)  Carbon  Dioxide 

'  L>  ) 

,Mq _ 

p^.v\ _ y 

(7)  Chloride 

Additional  Comments: 


Analyte 

Standard  Addition  Cone. 

- - - 

Measured  Cone.  u 

Notes 

PARSONS  ENGINEERING  SCIENCE,  INC. 
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GROUNDWATER  SAMPLING  RECORD 

v 

t. 

SAMPLING  LOCATION:  England  AFB.  f  1  800-Area:  f  )(l  2500-Area  MONITORING  WELL:. 

DATE  AND  TIME  OF  SAMPLING:  March  10-  1999  a  m  tp~rte) 

SAMPLE  COLLECTED  BY:  D W  /  TH  /  JB  of  Parsons  ES:  Houston  and  Denver  Offices. 

WEATHER:  °  Slmkst:  _ - _ 


MONITORING  WELL  CONDITION: 


1  W- 

IU 

4  [  ] 


WELL  NUMBER  IS  APPARENT 

WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN: _ 

PVC  CONDITION  IS  UNDAMAGED 

PVC  CONDITION  IS  DAMAGED.  EXPLAIN: _ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


'3,^LfT.  BELOW  DATUM  WITH 


PRODUCT  INFORMATION: 

5  []  PRODUCT  OBSERVED  AT  DEPTH  OF _ FT.  BELOW  DATUM  WITH . 

6  teg  PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION: 

7  #L]  WATER  DEPTH  MEASURED  AT  /3,<-4  FT.  BELOW  DATUM  \ 

8  [  ]  OTHER.  EXPLAIN:  _ _ 

MONITORING  WELL  EVACUATION  METHOD: 

9  [  ]  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 

1 0  (  ]  DEDICATED  QED  WELL  WIZARD  PUMP: 

1 1  BLADDER  PUMP  OR  OTHER:  _ 

Items  Cleaned  (List): _ 

MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM” 

Initial  Observations:  Water  (stggBy  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors/comments:  /w/it _ 

Other  comments: _ 

ON-SITE  MEASUREMENTS: 

1 2  [4  SEE  “ON  SITE  MEASUREMENT  FORM” 

13  [  ]  NOT  PERFORMED,  EXPLAIN: _ 

GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

14  [  ]  4  SW8260A  (40  mL  VOAs);  /  DOC  by  E415.1  (Sto  mL  64  Bottle); 


_ Sulfate/Chloride  b\ 

NONE/OTHER:  —u  r 


leth.  N-601 


■M  IXoisj 

ON-SITE  SAMPLE  TREATMENT: 

16^1  NONE 

17  [  ]  (  ]  FILTRATION:  Method. 

[  ]  PRESERVATIVES  Method. 

CONTAINER  HANDLING: 

18sfcC]  Container  Sides  Labeled 

19  M  Container  Lids  Taped 

20  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ _ 


.  (Sto  mL  64  Bottle);  3  NRMRL-147  (40  mL  VOAs) 
.Bottle); _ Nitrate  by  E300/SW9056  (  mL _ Bottle) 

/•  jfcib  c 


Containers:. 

Containers: 


S:\cs\remcd\biopIume\forms\gwform2a.  doc 
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ON-SITE  MEASUREMENT  FORM 

SAMPLING  LOCATION:  England  AFB.  [  1  800- Area:  [ ^^2500- Area  MONITORING  WELL:  *7^ 


DIRECT  INSTRUMENT  READINGS 


Time 

/57Z. 

i'5'iz 

WTFrM 

Hit] 

iSHL 

Measured  With 

K!  SWISS— 

BIBl 

22.31 

22.41 

ran 

pH _ _ . 

ms 

RCI 

ran 

hoit? 

RRSfl 

i.cir 

nsn 

^ ■ 

a 

o.r^ 

0.4*f 

■53 

■3C3 

ran 

JfWl 

-  r?-S 

bsn 

Bim 

KJE1 

Observations:  jpc 

hoe  e 

/.  o0o 

1  .^8 

l.*T* 

I.c>6/ 

l.o8/ 

_Z£ _ 

13 

_ 

_J13 _ 

_£i_ 

Additional  Comments: 


/■5~jpfln  V _ VO- 

_ ~  <'  _ — 1 


_ O.  2p  mj  //_ 


FIELD  CHEMISTRY  RESULTS 


Analyte 

Dilution?  f 

Concentration 

Observations/Notes 

(1)  Sulfate 

k)d> 

0° _ 

Vhs  <u>L\  <n  -K-vla  ' 

(2)  Sulfide 

L)« 

£> .  cog 

\fts  — 

(3)  Manganese 

tL 

*^/u 

V?o\&  CdW> 

(4)  Ferrous  Iron 

nL 

3W3  t— v 

CcknjA- 

(5)  Alkalinity 

M  ;  D.5+37.S  ... 

8Atf>/s.tt3o*U£$4  fc^Ovvji 

.  ^  £*-£*>*  . 

(6)  Carbon  Dioxide 

Jk 

(7)  Chloride 

0 

Avi^l 


Additional  Comments: 


■v 


FIELD  QA/QC  PERFORMED  AT  THIS  LOCATION?  M  No;  f  ]  Yes  (see  below) 


Analyte 

Standard  Addition  Cone. 

Measured  Cone.  ^ 

Notes 

PARSONS  ENGINEERING  SCIENCE,  INC. 
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GROUNDWATER  SAMPLING  RECORD 


SAMPLING  I  .nCATION:  England  AFB.  N/f  800-Area:  [  ]  2500-Area  MONITORING  WELL: - D<2-J'  I  ° 


DATE  AND  TIME  OF  SAMPLING:  May  36  ,  1999 

SAMPLE  COLLECTED  BY:  DW/TH  of  Parsons  ES:  Houston  and  Denver  Offices. 
WEATHER:  Qm  ]  lik&Z)  ,  - 

MONITORING  WELL  CONDITION: 


WELL  NUMBER  IS  APPARENT 
WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN: 
PVC  CONDITION  IS  UNDAMAGED 
PVC  CONDITION  IS  DAMAGED.  EXPLAIN 


X-lc-  llL  fhk^A  .  bMel  iMerltp. 


ud 


rj-h 


[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


PRODUCT  INFORMATION: 

5  [  ]  PRODUCT  OBSERVED  AT  DEPTH  OF 

6  £>T  PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION 


FT.  BELOW  DATUM  WITH . 


u 
[  ] 


WATER  DEPTH  MEASURED  AT_ 
OTHER.  EXPLAIN: 


7 

8 

MONITORING  WELL  EVACUATION  METHOD: 

9  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 

10  [  ]  DEDICATED  QED  WELL  WIZARD  PUMP: 

1 1 BLADDER  PUMP  OR  OTHER:  Hr  Qixv^:  ' 


FT.  BELOW  DATUM  WITH  M  L 


Items  Cleaned  (List):_ 


s. 

P“S'H 


r 


^3- 


MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM” 
Initial  Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  *  fell  -  no  change) 
Water  odors/comments: _ _ 


ON-SITE  MEASUREMENTS: 
l  S j[] 1  SEE  “ON  SITE  MEASUREMENT  FORM” 

13TT  NOT  PERFORMED,  EXPLAIN: _ 


waici  -  fi  jv~  A  _ |  . -  - 

Other  comments: _ flcX  ^  /fanttA  SQ  X/j- 


G ROUND W ATE R  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 
1 4  \  MICROSEEPS  Dissolved  Hydrogen  Vials  (  mL) 


Method_ 

Method, 


IS  t  ]  Notes/Comments/Other:_ 

ON-SITE  SAMPLE  TREATMENT: 

16L/i  NONE 

I'Tjj  (  ]  FILTRATION: 

[  ]  PRESERVATIVES 

CONTAINER  HANDLING: 

1 8J£S"-  Container  Sides  Labeled 

1 9  [  3  Container  Lids  Taped 

20  [  ]  Containers  Placed  in  Ice  Chest  j 


Containers:, 

Containers: 


OTHER  COMMENTS: 


& 


t 


Cjd. 


-  -  -  -mix—  . 

'ZS"  a^lL>xJ 


m 


PARSON! 


KNC1NBBR1NC  BCIBNC8,  INC. 
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GROUNDWATER  SAMPLING  RECORD 

SAMPLING  LOCATION:,  England  AFB.  T Vl  800-Area:  I  1  2500- Area  MONITORING  WELL: — (6. 

DATE  AND  TIME  OF  SAMPLING:  March  15~  ,  1999  Q&251.  Cgyp.m. 

SAMPLE  COLLECTED  BY:  DW  /  TH  /  JB  of  Parsons  ES:  Houston  and  Denver  Offices, 

WEATHER:  Mo*  F  ■  tJ*  ujL  is  - - - 


MONITORING  WELL  CONDITION: 

1  [  ]  WELL  NUMBER  IS  APPARENT 

2  Ext  WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN:^ _ uJMj 

3  Jtf—  PVC  CONDITION  IS  UNDAMAGED 

4  [  ]  PVC  CONDITION  IS  DAMAGED.  EXPLAIN: _ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): - 


FT.  BELOW  DATUM  WITH , 


PRODUCT  INFORMATION:  , . 

5  [  ]  PRODUCT  OBSERVED  AT  DEPTH  OF _ FT.  BELOW  DATUM  WITH - 

6  £4-  PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION : 

7  ML  WATER  DEPTH  MEASURED  AT  FT.  BELOW  DATUM  WITH - 

8  (  ]  OTHER.  EXPLAIN:  - - - - - - 

MONITORING  WELL  EVACUATION  METHOD: 

9  [  ]  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 

10  [  ]  DEDICATED  QED  WELL  WIZARD  PUMP: 

1 1  BLADDER  PUMP  OR  OTHER:  _ _ _ _ _ 

Items  Cleaned  (List):  - - - - - — - 

MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Vnlnmp  Removed:  SF.E  “ON  SllH  MEASUREMENT  FORM.. 

Initial  Observations:  Water  (slightly  -<V5^>  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors/comments: _ _ _ _ _ 

Other  comments: _ _ _ _ _ _ _ 

ON-SITE  MEASUREMENTS: 

1 2  W  SEE  “ON  SITE  MEASUREMENT  FORM” 

13  [  ]  NOT  PERFORMED,  EXPLAIN :_ - - - - - 

GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

14  r  I  4  SW8260A  (40  mL  VOAs);  /  DOC  by  E415.1  mL&A  Bottle);  NRMRL-147  (40  mL  VOAs) 

SulfoWChlnriHe  hv  MetkN-601  ( _ mL  _ Bottle); _ Nitrate  by  E300/SW9056  (_mL_^Bottle) 

is  td  noneTother^i  - - - - - - ^ 

ON-SITE  SAMPLE  TREATMENT:  \  |i-  r»i. 

16  NONE  .  .  _ _ _ _ _ _ • 


\  iu  fi. 


16  NONE 

|>£  FILTRATION: 

^  [  ]  PRESERVATIVES 

CONTAINER  HANDLING: 

18  M  Container  Sides  Labeled 

19  [  ]  Container  Lids  Taped 

20  [  ]  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ _ 


Method. 


Containers:  ■  ujcjk'-  ow^y  ~  ^ 

Containers: _ L_  r  *  *  • 


"  I  PARSONS  ENGINEERING  SCIENCE,  INC. 
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/  ON-SITE  MEASUREMENT  FORM 

SAMPLING  LOCATION:  Jaglaad  AFB,  FV7  800-Area:  T  1  2500- a™  MONITORING  WELL: 


DIRECT  INSTRUMENT  READINGS 


V  VZ  - 


1)  Sulfate 


2)  Sulfide 


3)  Manganese 


4)  Ferrous  Iron 


5)  Alkalini 


,6)  Carbon  Dioxide 
!  (7)  Chloride 
Additional  Comments: 


Observations/Notes 


No 


W-  i 


OiCoo 


2.M 


"7  <Wt  r  V 


J2  »  df»>*  *  ^ waii  =  ioy  / 1 


NiQ  COlOf /To/t  J.V 


cole/  a q  -furL. 

5Co»si'- 


K.9Vi  ^ 


Analyte 


JTELD  QA/QC  PERFORMED  AT  THIS  LOCATION?  f  1  No:  r  i  Yes  (see  below) 
—  Standard  Addition  Cone.  Measured  Cone.  *  |  Notes  '  ^ 


f -  PARSONS  engineering  SCIENCE,  INC. 
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GKUUINUWAltK  SAMI' JL1XN li  Ki-LUKU 


SAMPLING  T. nr ATTON:  F.n gland  AFB.  fVl  800-Area:  [  1  2500-Area  MONITORING  WELL:  (aJaU_  /_ 


DATE  AND  TIME  OF  SAMP 
SAMPLE  COLLECTED  BY« 
WEATHER:  fW,  tool 


G:  March  )S_  ,  1999  CHZ\ 

)/TH/JB  of  Parsons  ES:  Houston  and  Denver  Offices. 


MONITORING  WELL  CONDITION: 

1  M  WELL  NUMBER  IS  APPARENT 

2  [  ]  WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN: _ 

3  JX  PVC  CONDITION  IS  UNDAMAGED 

4  f  ]  PVC  CONDITION  IS  DAMAGED.  EXPLAIN: _ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


FT.  BELOW  DATUM  WITH 


PRODUCT  INFORMATION: 

5  [  ]  PRODUCT  OBSERVED  AT  DEPTH  OF _ FT.  BELOW  DATUM  WITH _ 

PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION : 

7  M  WATER  DEPTH  MEASURED  AT  ,TT-  FT.  BELOW  DATUM  WITH _ 

8  [  ]  OTHER  EXPLAIN: _ _ _ 

MONITORING  WELL  EVACUATION  METHOD: 

9  [  ]  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 

10  [  ]  DEDICATED  QED  WELL  WIZARD  PUMP: 

1 1  £><£  BLADDER  PUMP  OR  OTHER:  /UJFks _ 

Items  Cleaned  (List): _ _ _ _ _ 

MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM” 

Initial  Observations!  Waterdslightfo  -  very),  cloudy 

Water  level  (rose  {fejj)-  no  change) 

Water  odors/comments:  A)c<^ 

Other  comments:  _ 

ON-SITE  MEASUREMENTS: 

1 2  M  SEE  “ON  SITE  MEASUREMENT  FORM”  v 

\J[  }  NOT  PERFORMED,  EXPLAIN: _ _ _ 

GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

14  [  ]  _ SW8260A  (40  mL  VOAs); DOC  by  E415.1  (  mL Bottle);  NRMRL-147  (40  mL  VOAs) 

_ Sulfate/Chloride  by  Meth.  N-601  (  mL  _ Bottle); _ Nitrate  by  E300/SW9056  (  mL _ Bottle) 

15  [  ]  NONE/OTHER: 


ON-SIT 

i<5Jkf 

17  [  ] 


E  SAMPLE  TREATMENT: 
NONE 

[  ]  FILTRATION: 

[  ]  PRESERVATIVES 


Method, 

Method 


Containers:. 

Containers: 


CONTAINER  HANDLING: 

18*f  Container  Sides  Labeled 

19  [  ]  Container  Lids  Taped 

20  |X~  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ 


S:\es\remed\b  ioplume\forms\gwform2a,  doc 
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rr  ON-SITE  MEASUREMENT  FORM 

SAMPLING  LOCATION:  England  AFB.  fl/l  800-Area:  {  1  2500-Area  MONITORING  WELL:_ 


0?>  5*cL 


DIRECT  INSTRUMENT  READINGS 


o^zo 


2.\. <6  I  2i*8 


3- 


Measured  With 


Observations: 


Additional  Comments: 


30- L> 


1  CDrrv  Pu»H>lng 


C.ll 

0.11 

STT3 

/•I 

2<L 

3i 

STL  C<T  DO _ 


Or  l  On  ZST<?  A 


Analyte _ 

(1)  Sulfate _ 

(2)  Sulfide _ 

(3)  Manganese _ 

(4)  Ferrous  Iron _ 

(5)  Alkalinity 


6)  Carbon  Dioxide 


7)  Chloride 


Additional  Comments: 


_ FIELD  CHEMISTRY  RESULTS 

Dilution? _ Concentration 

^ _ ra/i.  j/  7-A 

_ _  Ot&In  i  O.Offg _ 

_  i.\  ^TTo  »^l|- 

l 'A  -  tj.S’-3^5  tdtft  ;  SOxH  » 


1  Mo  >w t  llU'^S  X 


_ Qbservations/Notes _ 

iS0  P^k.Cofe/p  *>«  ,  ic'  /  T~> 

*o  -fru'tyU'-j,- 

gvtt 

i  I 

^(.L.  C0^ 


Analyte 


FIELD  OA/OC  PERFORMED  AT  THIS  LOCATION? 


Standard  Addition  Cone.  I  Measured  Cone. 


|  No;  [  1  Yes  (see  below 


Notes 


LH _ )  PARSON5  ENGINEERING  SCIENCE,  INC. 
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GROUNDWATER  SAMPLING  RECORD 


SAMPLING  LOCATION :  England  Af 


|  flflO-Area:  f  1 2500-Area  MONITORING  WELL: 


DATE  AND  TIME  OF  SAMPLING:  May  1999 

SAMPLE  COLLECTED  BY:  D W  /  TH  of  Parsons  £S:  Houston  and  Denver  Offlca 
WEATHER:  j  - ~ 

MONFTORJNG  WELL  CONDITION: 

1  N/  well  NUMBER  IS  APPARENT 

2  n  WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN:_ - - 

3  Vf  PVC  CONDITION  IS  UNDAMAGED 

4  fl  PVC  CONDITION  IS  DAMAGED.  EXPLAIN: - — — — — - 

11  [  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 

[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): - 


PRODUCT  INFORMATION: 

5  [  ]  PRODUCT  OBSERVED  AT  DEPTH  OF _ FT.  BELO 

6  ty  PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION: 

7  f>q7  WATER  DEPTH  MEASURED  AT  U.Iofe — FT.  BELi 

8  f]  OTHER.  EXPLAIN:. - - 

MONITORING  WELL  EVACUATION  METHOD: 

9  PERISTALTIC  PUMP  AND  DEDICATED  TUBING  ^ 

10  [  ]  DEDICATED  QED  WELL  WIZARD  PUMP: 

1 1  £*£_  BLADDER  PUMP  OR  OTHER: _ iUA*j±- 

''  Items  Cleaned  (List):__ _ _ _ _ _ — 

MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  SF.E  “ON  SITE  MEASUREMENT  FO, 

Initial  Observations:  Water  (slightly  -  very)  clou. 


FT.  BELOW  DATUM  WITH . 


FT.  BELOW  DATUM  WITH . 


V  vtUitiv  tvwiuv  tv**.  - nr  t  - ■  — -  ~ 

Initial  Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors/comments:_ _ 

Other  comments: _ _ _ 

ON-SITE  MEASUREMENTS: 

12  SEE  “ON  SITE  MEASUREMENT  FORM” 

13  [  ]  NOT  PERFORMED,  EXPLAIN:, - - - - 

GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

1 4  £4-  \  MICROSEEPS  Dissolved  Hydrogen  Vials  (  _d£. mL) 

15  [  ]  Notes/Comments/Other: _ _ _ 

ON-SITE  SAMPLE  TREATMENT: 

16X/f  NONE  .  „ 

17 fr  [  ]  FILTRATION:  Method -  Coni 

[  ]  PRESERVATIVES  Method - Con 

CONTAINER  HANDLING: 

18  Container  Sides  Labeled 

1 9  \  ]  Container  Lids  Taped 

20  [  ]  Containers  Placed  in  Ice  Chest  ( 

OTHER  COMMENTS: _ — -  ^&J2. — 


Containers:. 

Containers:. 


.  kk 


[  1  pAMONi  ■NGINHBRINS  SCIBNCB,  INC. 
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/  ON-SITE  MEASUREMENT  FORM 

,  SAMPLING  LOCATION:  England  AFB.  /Vi^OO-Area:  f  1  2500-Area  MONITORING  WELL:  U!)clL  -jjr  (J 


DIRECT  INSTRUMENT  READINGS 


Time 

O'?:  lo 

CVlS 

of :  >1 

o7:U 

Measured  With 

Temp  (°C) 

ai/7 a 

ILg 

3I.L7 

PH  ^ 

Cond  (jtS/cm) 

o-m 

0.75/ 

a  m 

ISC 

Do  (mg/L) 

.feJ? 

3,* 

— 

— - - - - - 

Redox  (mv) 

-111.7 

-lift 

-Ilfr.s 

-  UL.S 

Observations: 

CleM 

C^v 

gallons  purged 

M _ 

8 

_□ _ 

5/<T 

\' Ho 

Additional  Comments: 

~fLA>:A:Ay 


footer 

Pn Jog, 


FIELD  CHEMISTRY  RESULTS 


Analyte 

Dilution? 

Concentration 

Observations/Notes 

(l)  Sulfate 

(2)  Sulfide 

(3)  Manganese 

(4)  Ferrous  Iron 

(5)  Alkalinity 

(6)  Carbon  Dioxide 

(7)  Chloride 

Additional  Comments: 


FIELD  QA/QC  PERFORMED  AT  THIS  LOCATION?  [  ]  No;  [  }  Yes  (see  below) 


Analyte 

Standard  Addition  Cone. 

Measured  Cone. 

Notes 

*- 

PARSONS  BNCINHRI NO  SCIENCE,  INC. 
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GROUNDWATER  SAMPLING  RECORD 


SAMPLING  LOCATION:  England  AF 


I  800-Area:  f  12500-Area  MONITORING  WELL:  toll  fcr 


DATE  AND  TIME  OF  SAMPLING:  May  .  j  1999  ]^‘A\  a.m./p.m. 

SAMPLE  COLLECTED  BY:  DW  /  TH  of  Parsons  ES:  Houston  and  Denver  Offices. 
WEATHER: _ OajPajuM  j  "liy  ^  - 

MONITORING  WELL  CONDITION:  ^ 

1  Kf  WELL  NUMBER  IS  APPARENT 

2  [  ]  WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN: _ 

3  IX-  PVC  CONDITION  IS  UNDAMAGED 

4  [  ]  PVC  CONDITION  IS  DAMAGED.  EXPLAIN: _ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


PRODUCT  INFORMATION: 

5  [  ]  PRODUCT  OBSERVED  AT  DEPTH  OF _ FT.  BELOW  DATUM  WITH 

6  PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION: 

7  P<f  WATER  DEPTH  MEASURED  AT  /Q.QyFT.  BELOW  DA' 

8  [  ]  OTHER.  EXPLAIN: _ 

MONITORING  WELL  EVACUATION  METHOD:  i  . 

9  M  PERISTALTIC  PUMP  AND  DEDICATED  TUBING  dtf-X 

10  rr  DEDICATED  QED  WELL  WIZARD  PUMP:  .  <7 

1 1  BLADDER  PUMP  OR  OTHER: _ •  fy/p  si 

Items  Cleaned  (List): _  ~  Q 

MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM” 

Initial  Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors/comments: _ 

Other  comments: _ 

ON-SITE  MEASUREMENTS: 

12  U\  SEE  “ON  SITE  MEASUREMENT  FORM” 

1 3  r?  NOT  PERFORMED,  EXPLAIN: _ 

GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

14  M  X  MICROSEEPS  Dissolved  Hydrogen  Vials  (  mL) 


/FT.  BELOW  DATUM  WITH  (oL  Po 


ROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES:  ^ 

^  X  MICROSEEPS  Dissolved  Hydrogen  Vials  (  mL)  -'Vl 


15  [  ]  Notes/Comments/Other: _ 

ON-SITE  SAMPLE  TREATMENT: 

16  NONE 

17  [  ]  (  ]  FILTRATION:  Method. 

[  ]  PRESERVATIVES  Method. 

CONTAINER  HANDLING: 

1 8  iA  Container  Sides  Labeled 

1 9  Container  Lids  Taped 

20  [  ]  Containers  Placed  in  Ice  Chest  . 


Containers:. 

Containers: 


OTHER  COMMENTS: 


Xb "  \co 


m 


PARSONS  KNCINBIRING  BCIHNCH,  INC. 
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.  ON-SITE  MEASUREMENT  FORM 

- : ■  ^-^PLrNG  LOCATION:  England  AFB,  [V/800-Area:  f  1 2<;nn.Ar>»a  MONITORING  WELL:  L) eJjH_/_4 


DIRECT  INSTRUMENT  READINGS 


Time 

JL  'Us. 

IU^Lp 

Measured  With 

Temp  (°C) 

2L2° 

2\-<j3 

to: 

‘tort 

PH 

9.3  V 

6-7*4 

>  Cond  $f5/cm) 

o-Ml 

o-m  7- 

Do  (mg/L) 

?.VO 

-JLS? 

&-7-L 

z>.d  - 

Redox  (mv) 

Ht>2.  \ 

-foo.H 

-  IDC.^ 

Observations: 

doer 

CL~r  * 

!r  - 

1^  MTU. 

gallons  purged 

A  J J:.! t 

i 

lu 

31 

t  NL» 

T~1 

I 

Additional  Comments: _ I  •  Sc  p  ^  p*-p.v^  _ 

- P***^  ^ — S-s  ^  2  — L t >  ■  -i  I  xzs  s. 


FIELD  CHEMISTRY  RESULTS 


Analyte 

Dilution? 

Concentration 

Observations/Notes 

(l)  Sulfate 

(2)  Sulfide 

(3)  Manganese 

(4)  Ferrous  Iron 

(5)  Alkalinity 

(6)  Carbon  Dioxide 

(7)  Chloride 

Additional  Comments: 


FIELD  QA/QC  PERFORMED  AT  THIS  LOCATION?  (  1  No;  [  ]  Yes  (see  below) 


Analyte 

Standard  Addition  Cone. 

Measured  Cone. 

Notes 

PARSONS  BNGINSRRINB  SCIENCE!,  INC. 
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-  groundwater  sampling  record 

SAMPLING  LOCATION-  England  AFB.  fV]  800-Area:  f  12500-Area  MONITORING  WELL: _ 

DATE  AND  TIME  OF  SAMmfclG:  March  ,  1999  a.m./£nn) 

SAMPLE  COLLECTED  BY/DW^TH  /  JB  of  Parsons  ES:  Houston  andDenver  Offices. 

WEATHER:  C-(oo<~  p _ " - - - 

MONTFORING  WELL  CONDITION: 

1  X\  WELL  NUMBER  IS  APPARENT 

2r[  ]  WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN: _ 

3  PVC  CONDITION  IS  UNDAMAGED 

4T[]  PVC  CONDITION  IS  DAMAGED.  EXPLAIN:  _ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 

[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


PRODUCT  INFORMATION: 

5  [  ]  PRODUCT  OBSERVED  AT  DEPTH  OF _ FT.  BELOW  DATUM  WITH  _ 

6]^  PRODUCT  NOT  OBSERVED 

WATEJRTlEVEL/CONDITION  INFORMATION: 

7  Jkl  WATER  DEPTH  MEASURED  AT  ~7  T°(  FT.  BELOW  DATUM  WITH 

5[  ]  OTHER.  EXPLAIN:  _ _ _ 


MONITORING  WELL  EVACUATION  METHOD: 

9  [  ]  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 

10  [  ]  DEDICATED  QED  WELL  WIZARD  PUMP: 

1  BLADDER  PUMP  OR  OTHER:  C _ 

'  Items  Cleaned  (List): _ _ _ 

MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM” 

Initial  Observations:  Water(fsGghtlyPvery)  cloudy 

Water  level  (rose  ^Tel^mo  change) 

Water  odors/comments:  M  QcJafl 

Other  comments: _ 


ON-Sm:  MEASUREMENTS: 

12K\  SEE  “ON  SITE  MEASUREMENT  FORM” 

43n  NOT  PERFORMED,  EXPLAIN: _ 


GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

14JVJ  SW8260A  (40  mL  VOAs);  J_  DOC  by  E415.1  (  mL _ Bottle);  3  NRMRL-147  (40  mL  VOAs) 

^  I  Sulfate/Chloride  by  Meth.  N-601  (  mL  _ Bottle);  _1 _ Nitrate  by  E300/SW9056  (__mL _ Bottle) 

1 5  hf  NONE/OTHER:-T>K.\.  T<o  ^ 


SAMPLE  TREATMENT: 
NONE 

[  ]  FILTRATION: 

[  ]  PRESERVATIVES 


Method. 

Method. 


Containers:. 

Containers:. 


CONTAINER  HANDLING: 

18>(f  Container  Sides  Labeled 

1 9  [] Container  Lids  Taped 
20jk^\  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ 


PARSONS 


ENGINEERING  SCIENCE,  INC. 
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ON-SITE  MEASUREMENT  FORM 

*  SAMPLING  LOCATION:  England  AFB A^T800-Area;  [  1  2500-Area  MONITORING  WELL: 


Time 

M  Ho 

I4M-S" 

MSS' 

(Soo 

/sbr 

Measured  With 

Temp  (°C) 

Z\.(s>Z- 

2/.?0 

21^0 

*21  *(*& 

2».  TO 

Y  ST  4  ^ 

PH 

L  S O 

d-.&H 

a -a  * 

69c? 

/« 

Cond  (jiS/cm) 

n&w 

0.*6  3fc 

1 

OMZl- 

0.937- 

t* 

Do  (mg/L) 

6. HZ 

c.MH 

0.  H-S" 

6M£~ 

OM^ 

K 

Redox  fmv) 

-loti-  \ 

-iHi-O 

-/s-9.1- 

*-((?  ( •  (0 

Ute?.3 

C  f 

Observations: 

SZL, 

o%vy 

Si.  • 

o-t&y' 

S& 

C&bl/ 

Y£T6*> - - 

_ . — iw\ 

gallons  purged 

A  0 _ a 

1 

H 

_iU _ 

<ri 

to  1 

Analyte 

Dilution? 

Concentration 

Observations/Notes 

(1)  Sulfate 

±m _ 

o.o 

N/o  TurWiW,  -  , 

(2)  Sulfide 

fuO 

ho  blwt  co»o^ 

(3)  Manganese 

MO  _ 

0  -  H  ^ilt- 

(4)  Ferrous  Iron _ 

INJO 

Rati*  coW/ . 

(5)  Alkalinity 

[in 

(d  *  2o  °2)l  H  ■=- 

[*80  ^/i-  1 

(6)  Carbon  Dioxide 

i :  2  to  : 

15*  ^lu  »  /<Up  *  2- 

—  ISO  *9  A*  *‘?,U 

(7)  Chloride 

A  AAl+i _ 1  r> _ a _ 

—  T&X4. 


NAvV 


FIELDQA7QC  PERFORMED  AT  THIS  LOCATION?  [  J  No;  [  1  Yes  (see  below! 
Standard  Addition  Cone.  |  Measured  Cone.  I  Notes 


Analyte 


PARSONS  ENGINEERING  SCIENCE,  INC. 
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GROUNDWATER  SAMPLING  RECORD 


SAMPLING  LOCATION:  England  AFE 


I  800-Area:  f  12500-Area  MONITORING  WELL:. 


DATE  AND  TIME  OF  SAMPLING:  May  3£>  ,  1999  a.m./p.m. 

SAMPLE  COLLECTED  BY:  DW/TH  of  Parsons  ES:  Houston  and  Denver  Offices. 
WEATHER: _ j  ^ 

MONITORING  WELL  CONDITION: 

1  [X  WELL  NUMBER  IS  APPARENT 

2  [  ]N  WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN: _ 

3  1)k  pvc  CONDITION  IS  UNDAMAGED 

4  [  J  PVC  CONDITION  IS  DAMAGED.  EXPLAIN: _ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


PRODUCT  INFORMATION: 

5  (  ]  PRODUCT  OBSERVED  AT  DEPTH  OF 

6^  PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION: 

7  K/  WATER  DEPTH  MEASURED  AT  1 1.  ol 

8  ( T  OTHER.  EXPLAIN: _ 


FT.  BELOW  DATUM  WITH 


FT.  BELOW  DATUM  WITH 


MONITORING  WELL  EVACUATION  METHOD: 

9  PERISTALTIC  PUMP  AND  DEDICATED  TUBING  -  A  /-rg_ 

10  []  DEDICATED  QED  WELL  WIZARD  PUMP:  •  - 

11)0  BLADDER  PUMP  OR  OTHER:  ’  YAM 

Items  Cleaned  (List): _  _  V  J  n~. 

MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM” 
Initial  Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors/comments: _ 

Other  comments: _ 

ON-SITE  MEASUREMENTS: 

12>4  SEE  “ON  SITE  MEASUREMENT  FORM” 

13  [  ]  NOT  PERFORMED,  EXPLAIN: _ 

GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

1 1  MICROSEEPS  Dissolved  Hydrogen  Vials  (  9^  mL) 

15  [  ]  Notes/Comments/Other: _ _ 


iS'5g 


ON-SITE  SAMPLE  TREATMENT: 

16  NONE 

17  [  ]  [  ]  FILTRATION: 

[  ]  PRESERVATIVES 

CONTAINER  HANDLING: 

1 8  [M  Container  Sides  Labeled 

1 9  \  ]  Container  Lids  Taped 

20  [  ]  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS.  - 


Method. 

Method 


Containers:. 

Containers: 


24-99  12:01pm  from 

/l 939  11:03  303-331-3203 
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ON-SITE  MEASUREMENT  FORM 

SAMPLING  LOCATION:.  England  AFBJXJ  800-Area:  I  1  2500-Area  MONITORING  WELL:  Lrfgl I  '4^!^ 


DIRECT  INSTRUMENT  READINGS 


Time 

15:3+ 

iS-U  i 

ism 

Measured  With 

Temp  (°C) 

23.97 

2W 

Of.  H  ~ 

-Eg*,  , - 1 

22k 

121 

<<>n<o 

Cond  (#S/cm) 

JLM 

&£& 

o.Qbl 

Do  (mg/L) 

121 

o.M 

o.tt 

Redox  (mv) 

-n\ 

“7ft  { 

Observations: 

.  . 

-—7 

- 

d>Amir 

gallons  purged 
Additional  Comment 

3 

s: 

w 

-AO- 

-24— 

FIELD  CHEMISTRY  RESULTS 


Analyte 

Dilution? 

Concentration 

Observations/Notes 

(l)  Sulfate 

(2)  Sulfide 

(3)  Manganese 

(4)  Ferrous  Iron 

(5)  Alkalinity 

(6)  Carbon  Dioxide 

(7)  Chloride 

A  J  J.'i.’  _  i  ... 

Additional  Comments: 


V 


FIELD  QA IQC  PERFORMED  AT  THIS  LOCATION?  [  I  No;  f  ]  Yes  (see  below) 


Analyte 

Standard  Addition  Cone. 

Measured  Cone. 

Notes 

i 

\ 

\ 
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L:\fonn  s\g\vfonn  { .doc 


BNCINSSRINB  BCIENCH,  INC. 


Page  2  of 2 


_  GROUNDWATER  SAMPLING  RECORD 

SAMPLING  LOCATION:  England  AFR.  rVT^OO-Area:  [  ]  2500-Area  MONITORING  WELL: 

DATE  AND  TIME  OF  SAMPIJNG:  March  IJ,  ,  1999  /£/£  a.m.^up? 

SAMPLE  COLLECTED  BY(D^>  TH  /  JB  of  Parsons  ES:  Houston  and  Denver  Offices. 

WEATHER:  C.(jc<-  Co !o\  Vm-u--?/ - - 

MONITORING  WELL  CONDITION: 

WELL  NUMBER  IS  APPARENT 

WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN: _ 

PVC  CONDITION  IS  UNDAMAGED 

PVC  CONDITION  IS  DAMAGED.  EXPLAIN: _ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 

[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


PRODUCT  INFORMATION: 

5  [  ]  PRODUCT  OBSERVED  AT  DEPTH  OF _ FT.  BELOW  DATUM  WITH _ 

6  Df  PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION : 

7  WATER  DEPTH  MEASURED  AT  FT.  BELOW  DATUM  WITH  gTP 

8  [  ]  OTHER.  EXPLAIN:  _ _ 

MONITORING  WELL  EVACUATION  METHOD: 

9  [  ]  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 

10  [  1  DEDICATED  QED  WELL  WIZARD  PUMP: 

1 1  M  BLADDER  PUMP  OR  OTHER:  _ 

/  '  Items  Cleaned  (List):  _ 


MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  RpmovpH-  SF.F.  “ON  SITE  MEASUREMENT  FORM” 
Initial  Observations:  W ate^(slightjy^>  very).  cloudy 

Water  level  (rose  no  change) 

Water  odors/comments:  AL  C)Adr 
Other  comments: _ 

ON-SIJE  MEASUREMENTS: 

1 2JVT  SEE  “ON  SITE  MEASUREMENT  FORM” 

13[  1  NOT  PERFORMED,  EXPLAIN: _ 


GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

14  b<f  SW8260A  (40  mL  VOAs);  J_  DOC  by  E415. 1  (_mL _ Botde);  3  NRMRL-147  (40  mL  VOAs) 

l  Sulfate/Chloride  by  Meth.  N-601  ( _ mL _ Bottle);  I  Nitrate  by  E300/SW9056  (  mL _ Bottle) 

1 5 pi  NONE/OTHER:  Tcrk\Tco^ 

ON-SITE  SAMPLE  TREATMENT: 

16  [  ]  NONE 

17  [  ]  [  ]  FILTRATION:  Method _  Containers: _ 

[  ]  PRESERVATIVES  Method _  Containers: _ 


CONTAINER  HANDLING: 

18  [  ]  Container  Sides  Labeled 

19  [  ]  Container  Lids  Taped 

20  [  ]  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS:  CoilasAlA  a\\  K  N  4-  UT 


PARSONS  ENGINEERING  SCIENCE,  INC. 
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GROUNDWATER  SAMPLING  RECORD 

SAMPLING  LOCATION:  England  AFB.  PVTl  800-Area:  £  1  2500-Area  MONITORING  WELL: 

DATE  AND  TIME  OF  SAMPLING:  March  Ijs  .  1999  /OSS''  fa5>./p.m. 

SAMPLE  COLLECTED  BYfDW?TH  /  JB  of  Parsons  ES:  Houston  and  Denver  Offices. 

WEATHER:  cAo&n  -  "TI~p  S'g?* _ 

MONITORING  WELL  CONDITION: 

1  M  WELL  NUMBER  IS  APPARENT 

2  OC  WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN:  Vn  c.r  rvcrW _ 

3  PVC  CONDITION  IS  UNDAMAGED 

4'[  ]  PVC  CONDITION  IS  DAMAGED.  EXPLAIN: _ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 

[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


PRODUCT  INFORMATION: 

5  [  ]  PRODUCT  OBSERVED  AT  DEPTH  OF  _ 

6  Nf  PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION: 

WATER  DEPTH  MEASURED  AT_|_di 
OTHER.  EXPLAIN:  _ _ 


FT.  BELOW  DATUM  WITH 


_FT.  BELOW  DATUM  WITH  Mr 


MONITORING  WELL  EVACUATION  METHOD: 


9  [ 

10  [ 


T 


PERISTALTIC  PUMP  AND  DEDICATED  TUBING 
DEDICATED  QED  WELL  WIZARD  PUMP: 
BLADDER  PUMP  OR  OTHER: 

Items  Cleaned  (List): _ 


MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM” 

Initial  Observations!  Wate^ 

Water level(rose ^fejj> no  change) 
Water  odors/comments:  KJb  o&aC 
Other  comments: _ 


ON-SITE  MEASUREMENTS: 

1 2  M  SEE  “ON  SITE  MEASUREMENT  FORM” 

13  {  ]  NOT  PERFORMED,  EXPLAIN: _ 


GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

14  M  SW8260A  (40  mL  VOAs);  _/_  DOC  by  E415.1  (  mL _ Bottle);  3  NRMRL-147  (40  mL  VOAs) 

I  I  Sulfate/Chloride  by  Meth.  N-601  (  mL _ Bottle);  1  Nitrate  by  E300/SW9056  (  mL Bottle) 

15j<J  NONE/OTHER:  Xro* 

ON-SITE  SAMPLE  TREATMENT: 

16  [  ]  NONE 

17  [  ]  [  ]  FILTRATION:  Method _  Containers: - 

[  ]  PRESERVATIVES  Method _  Containers: _ 

CONTAINER  HANDLING: 

18  Container  Sides  Labeled 

19M  Container  Lids  Taped 

20  (Yl  Containers  Placed  in  Ice  Chest 


ZR  COMMENTS: 


PARSONS  ENGINEERING 


SCIENCE,  INC. 
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ar 

\f  ON-SITE  MEASUREMENT  FORM 

.SAMPLING  LOCATION:  England  AFR  800-Area:  [  1  2500-Area  MONITORING  WELL:  (jJalf  )b 


DIRECT  INSTRUMENT  READINGS 


Time 

1020 

JOTS’ 

/03a 

fcvo 

Jo'S 

/oSC> 

Measured  With 

Temp  (°C) 

ZhZ 

2J.M 

zt.H 

Z\S 

2t.<r 

fto  VSTL^ST" 

pH 

7- 

7 

7- 

7 

H-TH  £4vW 

Cond  (jiS/cm) 

— 

— 

• - 

— 

"ll  . 111 

Do  (mg/L) 

I.H& 

1 

a.zZ 

0.1%, 

o.  zc. 

_Do  rsr 

Redox  (mv) 

->7.% 

-9S.G 

-78-3 

-78.  H 

Orioov  ^SO/V 

Observations: 

Z&.l- 

U~L 

f.Z 

~1  C*c  eL 

gallons  purged 

l 

II 

z\ 

ZL, 

3l 

Additional  Comments: 


l  3 


FIELD  CHEMISTRY  RESULTS 


Analyte 

Dilution? 

Concentration 

Observations/Notes 

(1)  Sulfate 

(/JO 

6515 

(2)  Sulfide 

JO 

O'CCfir  /ftcf/L. 

CS^bi^  oolof 

(3)  Manganese 

VO 

U«’eUf  K«J  4  t/l 

(4)  Ferrous  Iron 

too 

3.0^ 

(?v»vT  • 

(5)  Alkalinity 

r.M  u.stso 

&  diof \  X  2*  <  4  = 

(6)  Carbon  Dioxide 

I6d*?j 55 >  S’  rtt^L  /(Vjly  - 

L~ 

(7)  Chloride 

>-/•  V  cf  ^ 

Additional  Comments: 


■v 


FIELD  QA/QC  PERFORMED  AT  THIS  LOCATION?  f  1  No;  [  1  Yes  (see  below) 


Analyte 

Standard  Addition  Cone. 

Measured  Cone. 

Notes 

PARSONS  ENGINEERING  SCIENCE,  INC. 
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f  ON-SITE  MEASUREMENT  FORM 

SAMPLING  LOCATION:  England  AFB.  iVl  800-Area:  [  1  2500-Area  MONITORING  WELL: 


DIRECT  INSTRUMENT  READINGS 


IE — )  P ARSONS  ENGINEERING  SCIENCE,  INC. 
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GROUNDWATER  SAMPLING  RECORD 


SAMPLING  LOCATION-  England  AFB.  j/l  800-Area:  £  1  2500-Area  MONITORING  WELL:  V? 

DATE  AND  TIME  OF  SAMPLING:  March  \Ld  ,  1999 _ 

SAMPLE  COLLECTED  BY:  ( 6^  /  TH  /£§>  of  Parsons  ES:  Houston  and  Denver  Offices. 

WEATHER: _ r.leor,  ecA**  **•*  so6  F  Denude. _ '30 >~t- 

MONITORING  WELL  CONDITION: 

1  [  ]  WELL  NUMBER  IS  APPARENT  . 

2  £c]  WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN:  Vj  ~U<?/  _ 

3  Ad  PVC  CONDITION  IS  UNDAMAGED 

4  [  ]  PVC  CONDITION  IS  DAMAGED.  EXPLAIN: _ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 

[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


PRODUCT  INFORMATION: 

5  [  ]  PRODUCT  OBSERVED  AT  DEPTH  OF _ FT.  BELOW  DATUM  WITH _ 

6  PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION: 

7  cki  WATER  DEPTH  MEASURED  AT  <■  2g>  FT.  BELOW  DATUM  WITH _ 

8  (  ]  OTHER.  EXPLAIN: _ _ _ 

MONITORING  WELL  EVACUATION  METHOD: 

9  [  ]  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 

10  [  j  DEDICATED  QED  WELL  WIZARD  PUMP: 

1  Lcf«q  BLADDER  PUMP  OR  OTHER:  f^guop^bs _ 

Items  Cleaned  (List):, _ _ _ 

MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SH  E  MEASUREMENT  FORM” 

Initial  Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors/comments: _ 

Other  comments: _ 

ON-SITE  MEASUREMENTS:  ' 

1 2^\  SEE  “ON  SITE  MEASUREMENT  FORM” 

13  [  ]  NOT  PERFORMED,  EXPLAIN: _ 

GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

14  [  ]  _ SW8260A  (40  mL  VOAs); DOC  by  E415.1  (  mL Bottle);  NRMRL-147  (40  mL  VOAs) 

_ Sulfate/Chloride  by  Meth.  N-601  (  mL _ Bottle); _ Nitrate  by  E300/SW9056  (  mL _ Bottle) 

15  [  ]  NONE/OTHER: 

ON-SITE  SAMPLE  TREATMENT: 

16  [  ]  NONE  • 

17  [  ]  [  ]  FILTRATION:  Method _  Containers: _ 

[  ]  PRESERVATIVES  Method _  Containers: _ 

CONTAINER  HANDLING: 

1 8 Jg^]  Container  Sides  Labeled 

19  (  ]  Container  Lids  Taped 

20  [  ]  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ 


PARSONS  ENGINEERING  SCIENCE,  INC. 
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ON-SITE  MEASUREMENT  FORM 

SAMPLING  LOCATION:  England  AFB,  [  >fl  800-Area:  I  1  2500-Area  MONITORING  WELL: 


fell 


Time 

0020 

a%z<T 

cfolo 

o&HO 

155551 

Measured  With 

Temp  (°C) 

Z\.lr 

72-3 

22  3 

Z2M 

Z2.M 

fro  YSt 

■  ilaH'- 

7- 

_ 

_£ _ 

7- 

1- 

HTV  S7k« 

— 

— 

— 

— 

-  Do  (mg/L) 

2!Ti 

0.^6 

623 

o.i<\ 

0.2:1 

o.zi 

1  bO  YiZ  5Zr" 

Redox  (mv) 

fold 

r&.b 

lrt-6 

cW.u 

eza 

£V;,-.  rv  /\Ai  t  ?t>jA 

Observations: 

ZZ.o 

to.O 

L°l 

OS' 

T^:rS:L, 

gallons  purged 

l 

L 

il 

z\ 

ZL> 

3\ 

J — 


Analyte 

Dilution? 

Concentration 

Observations/Notes 

(1)  Sulfate  _ 

Vo 

U,.^f 

(2)  Sulfide 

O.CK'I  mlL,  o- olf,*9i 

k\0  C»lo  t 

(3)  Manganese 

-K° 

L«%v)r  v.M<fr  u\oi 

(4)  Ferrous  Iron 

-LiO _ 

O.  <9c7  j  o\  OO 

— w  Q^r - jr— - — _ _ 

Nit) 

(5)  Alkalinity _ 

r.w  |j.r:b'<5r.t 

I L  dtepc  P®/  V«t* 

M4  --*m,',j/g*Si  s  \2gl0 

(6)  Carbon  Dioxide 

Vd 

*  tr  -r?  /*-/<*/«»  c 

?/c  f  U*qfv  RAMO/<\ 

(7)  Chloride 

A  /A  /At  fl  n  1  ^  -  — -  -  * _ 

* - f - 

Wi,  01  CsCd>; 


Analyte 

Standard  Addition  Cone. 

- -  !  ,  j 

Measured  Cone. 

1  1  JIC3  UeiOYYj 

Notes 

1 

PARSONS  ENGINEERING  SCIENCE,  INC. 
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GROUNDWATER  SAMPLING  RECORD 


SAMPLING  LOCATION:  England  AFI 


800-Area:  f  12500-Area  MONITORING  WELL:. 


DATE  AND  TIME  OF  SAMPLING:  May  _>  1999  I L  r\  a.m./p.m. 

SAMPLE  COLLECTED  BY:  DW  /  TH  of  Parsons  ES:  Houston  and  Denver  Offices. 
WEATHER:  VyzjA  -JtnuftAh  ^  izj&SxA  j _ - 

MONITORING  WELL  CONDITION: 

1  []  WELL  NUMBER  IS  APPARENT 

2  WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN: _ 

3  i2T  PVC  CONDITION  IS  UNDAMAGED 

4  tl  PV(3  CONDITION  IS  DAMAGED.  EXPLAIN: _ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  J  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


UCT  INFORMATION: 

PRODUCT  OBSERVED  AT  DEPTH  OF . 
1  PRODUCT  NOT  OBSERVED 


FT.  BELOW  DATUM  WITH 


WATER  LEVEL/CONDITION  INFORMATION:  & 

7  XL  WATER  DEPTH  MEASURED  AT  _ 

8  [  ]  OTHER  EXPLAIN: _ 


FT.  BELOW  DATUM  WITH 


MONITORING  WELL  EVACUATION  METHOD:  ?  lu  ,  -  \, 

9  M  PERISTALTIC  PUMP  AND  DEDICATED  TUBING  V> 

l(f[]  DEDICATED  QED  WELL  WIZARD  PUMP: 

1  U<f  BLADDER  PUMP  OR  OTHER:  _ 

'  Items  Cleaned  (List): -  _ - - 

MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM" 

Initial  Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors/comments: _ 

Other  comments: _ 


ON-SITE  MEASUREMENTS: 

12Vf  SEE  “ON  SITE  MEASUREMENT  FORM” 

13  f  ]  NOT  PERFORMED,  EXPLAIN: _ 

GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

1 4  ^/]  I  MICROSEEPS  Dissolved  Hydrogen  Vials  (  rFO  mL) 

15  Notes/Comments/Other:  5*  _ _ V<^  \ _ t 


/</• 'O 


15  bi 


Notes/Comments/Other: 


ON-SITE  SAMPLE  TREATMENT: 

16  U  NONE 

17  f]  []  FILTRATION:  1 

[  ]  PRESERVATIVES  1 

CONTAINER  HANDLING: 

1 8  ry  Container  Sides  Labeled 

190  Container  Lids  Taped 

20  [  j  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _  _ 224 


Method. 

Method 


Containers:, 

Containers: 


cb.  iS 


m 
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ON-SITE  MEASUREMENT  FORM 

SAMPLING  LOCATION:  England  AFB\/800-Area:  f  12500-Area  MONITORING  WELL:  i  Q 


Time 

IV-331 

ILS2 

Jiii2 

!i:SS 

Measured  With 

Temp  (°C) 

31  ?1 

_ap.jp 

SASi 

pH 

j£ii 

- 

C.n 

6.&? 

Cond  {jflj/cm) 

\ 

qM.  I 

o.irt 

Do  (mg/L) 

7^hT~ 

..p.37 

£J(> 

Redox  (mv) 

7 pfl 

^,9 

* 

Observations: 

LAyeA 

/fu/iJo: 

72  mu, . 

gallons  purged 

A  drift  fan'll 

_12%L 

1 

Analyte 

Dilution? 

Concentration 

Observations/Notes 

(l)  Sulfate 

(2)  Sulfide 

(3)  Manganese 

(4)  Ferrous  Iron 

(5)  Alkalinity 

(6)  Carbon  Dioxide 

(7)  Chloride 

FIELD  QA/QC  PERFORMED  AT  THIS  LOCATION?  f  ]  No;  [  I  Yes  (see  below) 


Analyte 

Standard  Addition  Cone. 

- -  J  J  • 

Measured  Cone. 

Notes 

- - - - 

...  .. 

PARSONS  RNCINSSRINB 
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GROUNDWATER  SAMPLING  RECORD 


SAMPLING  LOCATION:  England  AFB.  fel  800-Area:  T  1  2500- Area  MONITORING  WELL:. 


DATE  AND  TIME  OF  SAMPLING^March 
SAMPLE  COLLECTED  BYj^wTtoTIB: 
WEATHER:  $g"  P /gtoCdy  , 


_ ,  1999  1-330  a.m. 

of  Parsons  ES:  Houston  and  Denver  Offices. 


MONITORING  WELL  CONDITION: 

1  WELL  NUMBER  IS  APPARENT 

2  [  ]  WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN: _ 

3  JxT  PVC  CONDITION  IS  UNDAMAGED 

4  [  ]  PVC  CONDITION  IS  DAMAGED.  EXPLAIN: _ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


FT.  BELOW  DATUM  WITH 


PRODUCT  INFORMATION: 

5  [  ]  PRODUCT  OBSERVED  AT  DEPTH  OF _ FT.  BELOW  DATUM  WITH _ 

6  .PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION: 

7  WATER  DEPTH  MEASURED  AT  fe,fe>.T  FT.  BELOW  DATUM  WITH _ 

8  [Y  OTHER.  EXPLAIN:  _ _ _ _ 

MONITORING  WELL  EVACUATION  METHOD: 

9  [  ]  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 

1 0  [  ]  DEDICATED  QED  WELL  WIZARD  PUMP: 

1 1  t>i  BLADDER  PUMP  OR  OTHER:  GguVD  _ 

Items  Cleaned  (List): _ _ _ _ 

MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SH  E  MEASUREMENT  FORM” 

Initial  Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors/comments: _ _ 

Other  comments: _ _ _ 

ON-SITE  MEASUREMENTS:  v 

1 2  [Xj  SEE  “ON  SITE  MEASUREMENT  FORM” 

13  [  ]  NOT  PERFORMED,  EXPLAIN: _ _ _ 

GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

14  M  SW8260A  (40  mL  VOAs);  _J_  DOC  by  E415.1  (st»mL  Bottle);  3  NRMRL-147  (40  mL  VOAs) 


Sulfate/Chloride  by  Meth.N-601  ( _ m 

15  [-jj  NONE/ OTHER:  -r0+*i  ' 

ON-SITE  SAMPLE  TREATMENT:  ^  P,‘ 

16  M  NONE 

17  [  ]  (  ]  FILTRATION:  Method _ 

[  ]  PRESERVATIVES  Method _ 

CONTAINER  HANDLING: 

18  [Kj  Container  Sides  Labeled 

19  [  ]  Container  Lids  Taped 

20  [  ]  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ _ _ 


JBottle); _ Nitrate  by  E300/SW9056  ( _ mL _ Bottle) 


Containers:, 

Containers:, 


PARSONS  ENGINEERING  SCIENCE,  INC. 
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ON-SITE  MEASUREMENT  FORM 

SAMPLING  LOCATION:  England  AFB.lffi  800-Area:  £  1  2500-Area  MONITORING  WELL:  ^  <  8 


DIRECT  INSTRUMENT  READINGS 


GROUNDWATER  SAMPLING  RECORD 


SAMPLING  T. OC ATT ON-  England  AFB.  l/ 1  800-Area:  [  ]  2500-Area  MONITORING  WELL:  H  /  9 

DATE  AND  TIME  OF  SAMPLING:  March  ,  1999  a.m./£n). 

SAMPLE  COLLECTED  B  Yrt5W  7tH /TE£>  of  Parsons  ES:  Houston  and  Denver  Offices. 

WEATHER:  V2.  ‘F  _ 

MONITORING  WELL  CONDITION: 

1  WELL  NUMBER  IS  APPARENT 

2  [  ]  WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN: _ 

3  [  ]  PVC  CONDITION  IS  UNDAMAGED 

4  [  ]  PVC  CONDITION  IS  DAMAGED.  EXPLAIN: _ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 

[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


PRODUCT  INFORMATION: 

5  [  ]  PRODUCT  OBSERVED  AT  DEPTH  OF _ FT.  BELOW  DATUM  WITH 

6  M  PRODUCT  NOT  OBSERVED 


WATER  LEVEL/CONDITION  INFORMATION: 

7  WATER  DEPTH  MEASURED  AT  (a.  8( >  FT.  BELOW  DATUM  WITH 

8  [  ]  OTHER.  EXPLAIN:  _ _ 

MONITORING  WELL  EVACUATION  METHOD: 

9  [  ]  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 

1 0  [  1  DEDICATED  QED  WELL  WIZARD  PUMP: 

1 1  tyL  BLADDER  PUMP  OR  OTHER:  ■ _ 

Items  Cleaned  (List): _ _ _ 


MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM” 
Initial  Observations:  Water  (SEgfitjy*-  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors/comments: _ 

Other  comments: _ 

ON-SITE  MEASUREMENTS: 

1 2  ^  SEE  “ON  SITE  MEASUREMENT  FORM” 

13  [  ]  NOT  PERFORMED,  EXPLAIN: _ 


GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

14]jv£  A  *")  SW8260A  (40  mL  VOAs);  _l_  DOC  by  E415.1  (3>PmL  4  ^Bottle);  NRMRL-147  (40  mL  VOAs) 
'  /  ^ASulfate/Chloride  by  Meth.  N-601  (i tiio  mL  f  Bottle);  V!  Nitrate  bv  Rtnn/swonsfi  (  mi 

15  r  1  (NONE/OTHER:  . ...  .  '  r  T"  ^ — - : — 

L  J  V  - *  tyStyl'P  -{  TWVvE 


ON-SITE  SAMPLE  TREATMENT: 

16G-3  NONE 

17  n  (  ]  FILTRATION:  Method _  Containers:. 

(  ]  PRESERVATIVES  Method _  Containers:. 


CONTAINER  HANDLING: 
is  vr  Container  Sides  Labeled 

19  [  ]  Container  Lids  Taped 

20  [  ]  Containers  Placed  in  Ice  Chest 


OTHER  COMMENTS: 


PARSONS  ENGINEERING  SCIENCE,  INC. 
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ON-SITE  MEASUREMENT  FORM 

•  SAMPLING  LOCATION: .England  AFB,  j V800-Area;  [  ]  2500-ArPa  MONITORING  WELL:  '4& 


DIRECT  INSTRUMENT  READINGS 

Zrm  nM  I  ■nfl  1  ]2£3.  \  HEK 


Measured  With 
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GROUNDWATER  SAMPLING  RECORD 


SAMPLING  LOCATION:  England  AFB.Vf 800- Area:  f  12500-Area  MONITORING  WELL:. 

DATE  AND  TIME  OF  SAMPLING:  May  ,  1999  a.m./p.m. 

SAMPLE  COLLECTED  BY:  DW  /  TH  of  Parsons  ES:  Houston  and  Denver  Offices- 
WEATHER: _ ^  - 


MONITORING  WELL  CONDITION: 

1  V|  WELL  NUMBER  IS  APPARENT 

2  V)  WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN: _ 

3  {XL  PVC  CONDITION  IS  UNDAMAGED 

4  [  1  PVC  CONDITION  IS  DAMAGED.  EXPLAIN: _ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


PRODUCT  INFORMATION: 

5  [  1  PRODUCT  OBSERVED  AT  DEPTH  OF _ FT.  BELOW  DATUM  WITH  _ 

6  [4  PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION: 

7  [  ]  WATER  DEPTH  MEASURED  AT  'S  FT.  BELOW  DATUM  WITH 

8  [  ]  OTHER.  EXPLAIN:  _ _ _ 


MONITORING  WELL  EVACUATION  METHOD:  ,  j 

9  PERISTALTIC  PUMP  AND  DEDICATED  TUBING  dft  } 

lot]  DEDICATED  QED  WELL  WIZARD  PUMP:  '  f)  t' 

1 1  [4l  BLADDER  PUMP  OR  OTHER: _ o 

/  Items  Cleaned  (List): _  2 — 


MONITORING  WELL  EVACUATION  OBSERVATIONS: 


Volume  Removed:  SEE 
Initial  Observations: 


“ON  SITE  MEASUREMENT  FORM” 
Water  (slightly  -  very)  cloudy 
Water  level  (rose  -  fell  -  no  change) 

Water  odors/comments: _ 

Other  comments: _ 


Lot- 


S 


ON-SITE  MEASUREMENTS: 

I2j><i  SEE  “ON  SITE  MEASUREMENT  FORM” 

13  [  r  NOT  PERFORMED,  EXPLAIN: _ 

GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

1 4  1  MICROSEEPS  Dissolved  Hydrogen  Vials  (  C7  Q  mL) 


15  [  ]  Notes/Comments/Other:. 


ON-SITE  SAMPLE  TREATMENT: 

16  M  NONE 

17  (P-  []  FILTRATION:  Method. 

[  ]  PRESERVATIVES  Method 


CONTAINER  HANDLING: 

1  ^  Container  Sides  Labeled 

1 9  [  ]  Container  Lids  Taped 

20  [  ]  Containers  Placed  in  Ice  Chest 


OTHER  COMMENTS: 


J 30 


Containers:. 

Containers:. 


w> 
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,  /  ON-SITE  MEASUREMENT  FORM 

JiMPLING  LOCATION:.  England  AFB.jM^800-Area:  [  1  2500-Area  MONITORING  WELL: 


DIRECT  INSTRUMENT  READINGS 


Time 

MIL 

/V;  V? 

rift 

Measured  With 

Temp  (°C) 

-27. 

zttv . 

Viol 

MP1 

pH 

-221 

6-71 

(&•  b'l 

Cond  fldS/cm) 

o.nrt 

o.m. 

Q.M<> 

Do  (mg/L) 

2.1,1 

o.rt* 

cM 

G**t> 

G  _• 

Redox  (mv) 

J 'Ml 

-1 00-0 

-ft.? 

s 

Observations: 

u&A 

iShifU. 

gallons  purged 

_ T  S-l _ 

8.<Tc^ 

nsz 

28.^ 

5TT 

\ 

Additional  Comments:  v 


FIELD  CHEMISTRY  RESULTS 


Analyte 

Dilution? 

Concentration 

Observations/Notes 

(l)  Sulfate 

(2)  Sulfide 

(3)  Manganese 

(4)  Ferrous  Iron 

(5)  Alkalinity 

(6)  Carbon  Dioxide 

(7)  Chloride  1 

Additional  Comments: 


-v 


FIELD  QA/QC  PERFORMED  AT  THIS  LOCATION?  [  ]  No;  [  ]  Yes  (see  below) 


Analyte 

Standard  Addition  Cone. 

Measured  Cone. 

Notes 

— - 

... 

i - - — 

is, 
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GROUNDWATER  SAMPLING  RECORD 


SAMPLING  T. nr ATTON:  England  AFB.  iVl  800-Area:  f  1  2500-Area  MONITORING  WELL:. 
DATE  AND  TIME  OF  SAMPLING:  March  IL  ,  1999 

SAMPLE  COLLECTED  BYfSw^TH  /  JB  of  Parsons  ES:  Houston  and  Denver  Offices. 

WEATHER:  C^A  - - - 


nf  Parsons  ES:  Houston  and  Denver  Offices. 


MONITORING  WELL  CONDITION: 


1  [  ] 
a 

4  [  ] 


WELL  NUMBER  IS  APPARENT 

WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN:  A,  -kc. 
PVC  CONDITION  IS  UNDAMAGED 

PVC  CONDITION  IS  DAMAGED.  EXPLAIN: _ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


\  FT.  BELOW  DATUM  WITH  AoV- 


PRODUCT  INFORMATION: 

5  [\  yf  PRODUCT  OBSERVED  AT  DEPTH  OF _ FT.  BELOW  DATUM  WITH 

6  PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION: 

7  WATER  DEPTH  MEASURED  AT  t-"  FT.  BELOW  DATUT 

8  [  ]  OTHER.  EXPLAIN:  _ _ _ _ 

MONITORING  WELL  EVACUATION  METHOD: 

9  [  ]  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 

10  [  ]  DEDICATED  QED  WELL  WIZARD  PUMP: 

1 1  kf  BLADDER  PUMP  OR  OTHER:  _ 

Items  Cleaned  (List): _ _ 

MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM’. 

Initial  Observations:  Wategfshgbtly>  vey)  cloudy 

Water  level  (rose  -jdeLT>  no  change) 

Water  odors/comments:  o&qC 

Other  comments: _ 


ON-S 

llfl 


MEASUREMENTS: 

SEE  “ON  SITE  MEASUREMENT  FORM” 
NOT  PERFORMED,  EXPLAIN: _ 


GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

14  tyf  U  SW8260A  (40  mL  VOAs);  I  DOC  by  E4 15.1  (  mL  [  Bottle);  5  NRMRL-147  (40  mL  VO  As) 

^  I  Sulfate/Chloride  by  Meth.  N-601  (  mL _ Bottle);  f  Nitrate  by  E300/SW9056  ( mL _ Bottle) 

15 pf  NONE/OTHER:"Tcrk.)  Xkr\ 

ON-SITE  SAMPLE  TREATMENT: 

16  Vf  NONE 

17  []  [  ]  FILTRATION:  Method _  Containers: — - - 

[  ]  PRESERVATIVES  Method _  Containers: - - - 

CONTAINER  HANDLING: 

18 [jSj  Container  Sides  Labeled 

19  [  ]  Container  Lids  Taped 

20  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ _ _ _ _ — - 


S:\es\rtmed\bioplumc\forrns\gwfonii2a.doc 
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ON-SITE  MEASUREMENT  FORM 

SAMPLING  LOCATION:  England  AFB.  lVf800-Area:  T  1  2500-Area  MONITORING  WELL:  l kJq_  i  i 


_  DIRECT  INSTRUMENT  READINGS 

1 6920  \m^<T  |a)94&  l«Q<zr~l 


Measured  With 
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GROUNDWATER  SAMPLING  RECORD 

SAMPLING  LOCATION:  England  AFB.  U 1  800-Area:  I  12500-Area  MONITORING  WELL:  /» 3?  A  too  a  DP 

DATE  AND  TIME  OF  SAMPLING:  March  I  b  .  1999  f«//Q  a.m4GJ>. 

SAMPLE  COLLECTED  BY <®j>l  TH  <3D  of  Parsons  ES:  Houston  and  Denver  Offices. 

WEATHER:  fcS°  Vs  f  ctecT  _ _ _ _ _ 

MONITORING  WELL  CONDITION: 

1  Ki  WELL  NUMBER  IS  APPARENT 

2  [  ]  WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN: _ 

3  44—  PVC  CONDITION  IS  UNDAMAGED 

4  [  ]  PVC  CONDITION  IS  DAMAGED.  EXPLAIN: _ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 

[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


PRODUCT  INFORMATION: 

5  [  ]  PRODUCT  OBSERVED  AT  DEPTH  OF _ FT.  BELOW  DATUM  WITH _ 

6  >4  PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION: 

7  H-  WATER  DF.PTH  MEASURED  AT  S± FT.  BELOW  DATUM  WITH  .  IS  ta  i  £ 

8  [  ]  OTHER.  EXPLAIN: _ _ _ 

MONITORING  WELL  EVACUATION  METHOD: 

9  [  ]  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 

10  [  ]  DEDICATED  QED  WELL  WIZARD  PUMP: 

1 1 BLADDER  PUMP  OR  OTHER:  _ 

Items  Cleaned  (List): _ _ _ — - 

MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM” 

Initial  Observations:  WatenfSEjgfly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors/comments: _ 

Other  comments: _ _ _ 

V 

ON-SITE  MEASUREMENTS: 

1 SEE  “ON  SITE  MEASUREMENT  FORM” 

13  [  ]  NOT  PERFORMED,  EXPLAIN: _ _ _ 

GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

14  [  ]  SW8260A  (40  mL  VOAs);  _i_  DOC  by  E415.1  (^mL  &A  Bottle);  3  NRMRL-147  (40  mL  VOAs) 

,  Sulfate/Chloride  by  Meth.  N-60 1  (  mL  _ Bottle); _ Nitrate  by  E300/SW2QS6-(--~TnL _ Bottle) 

15  [  ]  NONb/UlHER-t^nee^  -  - 

ON-SITE  SAMPLE  TREATMENT:  /  )  l  Pf. 

16^4  NONE 

17  [  ]  [  ]  FILTRATION:  Method _  Containers: _ 

[  ]  PRESERVATIVES  Method _  Containers: _ 

CONTAINER  HANDLING: 

18 Container  Sides  Labeled 
19  [  ]  Container  Lids  Taped 

20M.  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ _ _ _ 


PARSONS  ENGINEERING 


SCIENCE,  INC. 
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ON-SITE  MEASUREMENT  FORM 

^CATION:  England  AFB.U-1  300-Area:  [  1  2500-Area  MONITORING  WELL: 


08 


^35  I  (3V6T 


22.5A  I  ZZAZ. 


C * 


1.21Z  i  lo? 


2.10  I  to 


37- 


DIRECT  INSTRUMENT  READINGS 


^  2 


r  i  4.  c^r 


1-3#  I 


!  V  CoT  |  Measured  W  ith 


Ysi  -keoyL- 


UA 

1 

kTb  I 

1  -2%Z. 

1  -Vi,  M 

- 

allons  Dureed 


Additional  Comments: 


Analvte 


1 )  Sulfate 


2  Sulfide 


3 )  Manganese 


4)  Ferrous  Iron 


5)  Alkalini 


6)  Carbon  Dioxide 


7)  Chloride 


Additional  Comments: 


I  *  H 


1*2 


vrrgrrv  ftn.  Y^£  6CC  4tet\)£T\ 

•>*!*«> 

FIELD  CHEMISTRY  RESULTS 


Dilution?  Concentration 


*73^5“  ^  /.  73  *  8 


O.OO^a  0<©©0 


0*9  *5/<-  Oi9  "Vu 


0*3iT~Vi-  ,  e>,35  *13 


l  err  ys  -  20 


20;4oihL  I  »  5"mt/i /<i/ 


Observations/Notes 


A<P  Co'**'* 


QuVt  Ctil*  »r  , 


)L/d-v  *M  *911- 


0^?/t  1  \b  <^£±*5**  £ 


d  t^r'-\Vvlr  L>xiA 


n 


Analvte 


FIELD  OA/OC  PERFORMED  AT  THIS  LOCATION? 


Standard  Addition  Cone.  Measured  Cone. 


No;  [  ]  Yes  (see  below 


Notes 


L— — J  PARSONS  ENGINEERING  SCIENCE,  INC. 
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GROUNDWATER  SAMPLING  RECORD 


SAMPLING  LOCATION:  England  AFB.  f  1  800-Area:  rVi  2500-Area  MONITORING  WELL:  ft 

DATE  AND  TIME  OF  SAMPLING:  May  .  1999  1' 7.7c? 

SAMPLE  COLLECTED  BY:  DW  /  TH  of  Parsons  ES:  Houston  and  Denver  Offices. 

WEATHER:  ■  - - 

MONITORING  WELL  CONDITION: 


1  u 

2  & 
4  [  1 


WELL  NUMBER  IS  APPARENT 
WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN:. 
PVC  CONDITION  IS  UNDAMAGED 
PVC  CONDITION  IS  DAMAGED.  EXPLAIN: 


/OLD  2ML,  MO  n  j|^  . 


[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


PRODUCT  INFORMATION: 

5  (  ]  PRODUCT  OBSERVED  AT  DEPTH  OF _ 

6  PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION: 

7  [  1  WATER  DEPTH  MEASURED  AT_  W.l  w 


FT.  BELOW  DATUM  WITH . 


OTHER.  EXPLAIN: 


1*^4.  Id 


[  1 

8  [  ] 

MONITORING  WELL  EVACUATION  METHOD: 

9  M*  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 

1 0  M  DEDICATED  QED  WELL  WIZARD  PUMP: 

1 1  BLADDER  PUMP  OR  OTHER: _ ' 


FT.  BELOW 

tod 


ATOM  WITH. 

A 


DATT 

iH 


AVpf/i _ cmA 


Items  Cleaned  (List):_ 


m. 


MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM" 
Initial  Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors/ comments: _ 

Other  comments: _ 

ON-S/TE  MEASUREMENTS: 

SEE  “ON  SITE  MEASUREMENT  FORM” 

13  [  ]  NOT  PERFORMED,  EXPLAIN: _ 


GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 
I 4  Pis^  I  MICROSEEPS  Dissolved  Hydrogen  Vials  ( 'SO  mL) 


Notes/Comments/Other: 


15  (  ] 

ON-SITE  SAMPLE  TREATMENT; 

IfisLf  NONE 

1T[>  [  ]  FILTRATION: 

[  ]  PRESERVATIVES 

CONTAINER  HANDLING: 

18Sj$d  Container  Sides  Labeled 

\9[  ]  Container  Lids  Taped 

20  [  ]  Containers  Placed  in  IceChest 


Method, 

Method.. 


Containers:,, 

Containers:^ 


OTHER  COMMENTS: 


in  leanest  ,  .  i  . 


Nr 


V 


(B 


PARSONS 


■NCINBIRINC  BCIBNCB,  INC. 
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ON-SITE  MEASUREMENT  FORM 

SAMPLING  LOCATION:  England  AFB,  f  1  SOO-Area:^/^ 2500-Area  MONITORING  WELL: 


DIRECT  INSTRUMENT  READINGS 


Time 

i an 

n-.i% 

n;W 

n-z^ 

Measured  With 

Temp  (°C) 

2°nS 

pH 

- 

-T.11 

6.67 

fc.SS 

Cond  (pS/cm) 

1 

t>n  Sc\ 

0.7^b 

Do  (mg/L) 

D.d2. 

...a  -v\ 

hb 

i.e-z- 

-ID 

Redox  (mv) 

-31*.  2. 

-77<S 

-fen 

Observations; 

Cite*. 

- - 

4A  - 

m  tfni. 

gallons  purged 

A  J  _ 1  /-I _ 

.3 _ 

_3 _ 

-AS  . 

iM 

_13 _ 

1 

Additional  Comments: 


VO  jvtfd  . 


FIELD  CHEMISTRY  RESULTS 


Analyte 

Dilution? 

Concentration 

Observations/Notes 

(l)  Sulfate 

(2)  Sulfide 

(3)  Manganese 

(4)  Ferrous  Iron 

(5)  Alkalinity 

(6)  Carbon  Dioxide 

(7)  Chloride 

Additional  Comments: 


FIELD  QA/QC  PERFORMED  AT  THIS  LOCATION?  [  1  No;  I  I  Yes  (see  below) 


Analyte 

Standard  Addition  Cone. 

Measured  Cone. 

Notes 

PARSONS 


BNGINHRING  SCIENCB,  INC. 
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GROUNDWATER  SAMPLING  RECORD 


SAMPLING  LOCATION:  England  AFB.  rVl  800- Area;  [  1  2500- Area  MONITORING  WELL:. 


DATE  AND  TIME  OF  SAMPLING:  March. 
SAMPLE  COLLECTED  BY<tj^  TH  /  JB 
WEATHER:  cbcr  ror>\ 

MONITORING  WELL  CONDITION: 

1  [  ]  WELL  NUMBER  IS  APPARI 

2  Jxf  WELL  NUMBER  IS  NOT  AI 

3T  ]  PVC  CONDITION  IS  UNDA 

4  M  PVC  CONDITION  IS  DAMA 

/  r  1  ri'CTJKTR'Mr'TP  CORE  El 


r  ,  1999  /Z3<r  a.m^grpl 

of  Parsons  ES:  Houston  and  Denver  Offices. 

ro _ 


WELL  NUMBER  IS  APPARENT 

WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN:  /Ja  4<%^  o 
PVC  CONDITION  IS  UNDAMAGED 

PVC  CONDITION  IS  DAMAGED.  EXPLAIN: _ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


PRODUCT  INFORMATION: 

5  [  ]  .  PRODUCT  OBSERVED  AT  DEPTH  OF . 

6  PRODUCT  NOT  OBSERVED 


FT.  BELOW  DATUM  WITH 


WATER  LEVEL/CONDITION  INFORMATION: 

7  []  WATER  DEPTH  MEASURED  AT _ FT.  BELOW  DATUM  WITH _ 

8  [  ]  OTHER.  EXPLAIN: _ _ _ 

MONITORING  WELL  EVACUATION  METHOD: 

9  [  ]  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 

10  [  ]  DEDICATED  QED  WELL  WIZARD  PUMP: 

1 1  [  ]  BLADDER  PUMP  OR  OTHER:  _ _ _ 

Items  Cleaned  (List): _ _ _ _ — - 

MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM” 

Initial  Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors/co mments : _ _ _ 

Other  comments:  _ _ _ 

ON-SITE  MEASUREMENTS: 

12  [  ]  SEE  “ON  SITE  MEASUREMENT  FORM” 

13  [  ]  NOT  PERFORMED,  EXPLAIN:  _ _ _ _ _ 

GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

14  [  ]  _ SW8260A  (40  mL  VOAs); _ DOC  by  E415.1  (  mL _ Bottle);  NRMRL-147  (40  mL  VOAs) 

' _ Sulfate/Chloride  by  Meth.  N-601  (  mL _ Bottle); _ Nitrate  by  E300/SW9056  ( _ mL _ Bottle) 

15  [  ]  NONE/OTHER: 

ON-SITE  SAMPLE  TREATMENT: 

16  [  ]  NONE 

17  [  ]  [  ]  FILTRATION:  Method _  Containers: - 

[  ]  PRESERVATIVES  Method _  Containers: - 

CONTAINER  HANDLING: 

18  [  ]  Container  Sides  Labeled 

19  [  ]  Container  Lids  Taped 

20  [  j  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ _ _ _ _ 


Method. 

Method. 


Containers:. 

Containers:. 


!■ _ I  PARSONS  ENGINEERING  SCIENCE,  INC. 
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ON-SITE  MEASUREMENT  FORM 

SAMPLING  LOCATION:  England  AFB.T  1  800-Area:  f  12500-Area  MONITORING  WELL:  43*1  2!l  Q?. 


DIRECT  INSTRUMENT  READINGS 


Time 

IZ  OO 

IZ/O 

12JL0 

I2Z< 

/23Q 

Measured  With 

Temp  (°C) 

2^3 

ZO-b 

lA.'b 

Tfi.V 

zcfA 

Vs r.5-sr 

pH 

7-2, 

?.? 

1- 

? 

_i _ 

nTft7i<+ 

Cond  (|iS/cm) 

— 

— 

— 

- 

Do  (mg/L) 

0.3?- 

0. 1*7- 

n.L<T 

o.iv 

_ 

Oo  _ 

Redox  (mv) 

~m,L 

•f«&  ■< 

-1/AA 

-/A?-0 

Or^  ZCc>  A 

Observations: 

yHHo 

'll 

nz 

k _  . 

/u/t,;  /.V 

gallons  purged 

( 

6? 

_Zi _ 

JM _ 

zb 

31 

Additional  Comments: 


FIELD  CHEMISTRY  RESULTS 


Analyte 

Dilution? 

Concentration 

Observations/Notes 

(1)  Sulfate 

2?-.  5 

SKA.*  rwA.4A*- 

(2)  Sulfide 

- m - 

0.012- 

N>Q  Cot&/  f  tUL*fkLrf) 

(3)  Manganese 

q2£  _ 

MioUt  cfcUtf  . 

(4)  Ferrous  Iron 

„oo 

2i\io  *vt #/l. 

(5)  Alkalinity 

i«l  *20“  360  **a(u 

as  -V*^-  • 

(6)  Carbon  Dioxide 

12  *T 

.  -  \2C>  r^r  !t_ 

(7)  Chloride 

Vj  »  - 

Additional  Comments: 


—  MCV-J  tWc^ j. - - 

/vi yeasty  a,  r  *  -  ?okyr«zo  -  Sfc©^/*- 


FIELD  QA/OC  PERFORMED  AT  THIS  LOCATION?  I  1  No;  f  1  Yes  (see  below) 


Analyte 

Standard  Addition  Cone. 

Measured  Cone. 

Notes 

PARSONS  ENGINEERING 


SCIENCE,  INC. 
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GROUNDWATER  SAMPLING  RECORD 

SAMPLING  LOCATION:  England  AFB.  £  1  800-Area:  I 2 5 00- Area  MONITORING  WELL:  R2.  DP 

DATE  AND  TIME  OF  SAMPT.TTSffi:  March  .  1 999  <  O5~o  <£5t./p.m. 

•  SAMPLE  COLLECTED  BY:<f>W  /  TH  /  JE>  of  Parsons  ES:  Houston  and  Denver  Offices. 

WEATHER:  ^  nyt*rr^A'  - _ 

MONITORING  WELL  CONDITION: 

1  D(j  WELL  NUMBER  IS  APPARENT 

2  [  ]  WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN: _ 

3  £4  PVC  CONDITION  IS  UNDAMAGED 

4  [  ]  PVC  CONDITION  IS  DAMAGED.  EXPLAIN: _ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 

[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


PRODUCT  INFORMATION: 

5  [  ]  PRODUCT  OBSERVED  AT  DEPTH  OF _ FT.  BELOW  DATUM  WITH  _ 

6  cfCj.  PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION: 

7  pfl  WATER  DEPTH  MEASURED  AT  7*3  0  FT.  BELOW  DATUM  WITH 

8  [  ]  OTHER.  EXPLAIN: _ 


MONITORING  WELL  EVACUATION  METHOD: 

9  [  ]  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 

10  [  ]  DEDICATED  QED  WELL  WIZARD  PUMP: 

1 1  fcl  BLADDER  PUMP  OR  OTHER:  _ 

Items  Cleaned  (List):  j  T^M.  j ^ 

MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM” 


Initial  Observations: 


Water  (slightly  -  very)  cloudy 
Water  level  (rose  -  fell  -  no  change) 

Water  odors/comments: _ 

Other  comments: _ 


ON-SITE  MEASUREMENTS: 

1 2  SEE  “ON  SITE  MEASUREMENT  FORM” 

13  [  ]  NOT  PERFORMED,  EXPLAIN: _ 


*v 


GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

14  [  ]  SW8260A  (40  mL  VOAs):  /  DOC  by  E415.1  (&o  mL  ^Bottle);  3  NRMRL-147  (40  mL  VOAs) 

_ gulfate/Chloride  bv  Meth.  N-601(  mL  _ Bottle); _ Nitrate  by  E300/SW9056  (  mL  Bottle) 

15  [  ]  NONE/OTHERrcr^  “  - - - - - - - 

_  I—  I  „  J  W  I  I  L  )h  r 

ON-SITE  SAMPLE  TREATMENT:  r  ‘  ' 

16)0  NONE 

17  [  ]  [  ]  FILTRATION:  Method _  Containers: _ 

(  ]  PRESERVATIVES  Method _  Containers: _ 


CONTAINER  HANDLING: 

18  [)<3  Container  Sides  Labeled 

19  [  ]  Container  Lids  Taped 

20  [  ]  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS:  ■  2-5^  A 

_ ^  V5T  A  *—  7-0 tYsl ( jBsdhzCu  -IpZMSjH  1 J 

—  >^fil  3-n-<j7 _ _ _ JJ_ _ 


PARSONS  ENGINEERING  SCIENCE,  INC. 
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ON-SITE  MEASUREMENT  FORM 

.iMPLING  LOCATION:  England  A.FB.  [  1  800-Area:  04  2500-Area  MONITORING  WELL:_ 


DIRECT  INSTRUMENT  READINGS 


FIELD  CHEMISTRY  RESULTS 


Additional  Comments: 


'/nUL.v 

4*>  <y£&- 

'l/  I 
\  ^  Ls<:d-iW 

u/" 

Me  MA-  • 


PARSONS  ENGINEERING 


SCIENCE,  INC. 
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GROUNDWATER  SAMPLING  RECORD 


SAMPLING  LOCATION:  England  AFB.  \  1  800-Area;  m  2500- Area  MONITORING  WELL:, 


DATE  AND  TIME  OF  SAMPLING:  March  ,  1999  ^  3c>  a.m.£jE> 

SAMPLE  COLLECTED  BYgT7W7TH/TB>  of  Parsons  ES:  Houston  and  Denver  Offices. 
WEATHER:  4?°F  QUA/,  bWv _ 


MONITORING  WELL  CONDITION: 


WELL  NUMBER  IS  APPARENT 

WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN:  Mo  TAG- 
PVC  CONDITION  IS  UNDAMAGED 

PVC  CONDITION  IS  DAMAGED.  EXPLAIN: _ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


FT.  BELOW  DATUM  WITH 


PRODUCT  INFORMATION: 

5  [  ]  PRODUCT  OBSERVED  AT  DEPTH  nF  m^FT  RFT  OW  DATUM  WITH 

6  PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION: 

7  $4  WATER  DEPTH  MEASURED  AT  iO  .33*  FT.  BELOW  DATUM 

8  [  ]  OTHER.  EXPLAIN: _ 

MONITORING  WELL  EVACUATION  METHOD: 

9  [  ]  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 

1 0  [  ]  DEDICATED  QED  WELL  WIZARD  PUMP: 

1 1  Vf-  BLADDER  PUMP  OR  OTHER:  . _ 

Items  Cleaned  (List!:  _ 

MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM” 

Initial  Observations:  WateF  (eHghtly  —very)  cloudy-- 

Water  level  (rose  -  fell  -  no  change) 

Water  odors/comments:  SgJ* £  <5 ±*^1 
Other  comments: _ 


ch'xf\^c<L 


ON-SITE  MEASUREMENTS: 

1 334  SEE  “ON  SITE  MEASUREMENT  FORM” 

13  [  ]  NOT  PERFORMED,  EXPLAIN: _ 

GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

14  [  ]  SW8260A  (40  mL  VOAs);  DOC  by  E415.1  (r**  mL  ^4  Bottle);  S  NRMRL-147  (40  mL  VOAs) 


eth.  N-601 


Bottle);  Nitrate  by  E300/SW9056  ( _ mL _ Bottle) 


NONE/OTHER: 


ON-SITE  SAMPLE  TREATMENT: 

16  [vd  NONE 

17  [  ]  [  ]  FILTRATION:  Method, 

[  ]  PRESERVATIVES  Method, 

CONTAINER  HANDLING: 

18  [X)  Container  Sides  Labeled 

19  [  ]  Container  Lids  Taped 

20  [  ]  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ _ 


l-^o -L  ft  l  tL  a  ei.Hc, 


Containers:, 

Containers:, 


U5 _ J  PARSONS  ENGINEERING  SCIENCE,  INC. 
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ON-SITE  MEASUREMENT  FORM 

SAMPLING  LOCATION:  England  AFB.  I  1  800- Area:  fVT  2500- Area  MONITORING  WELL: 


DIRECT  INSTRUMENT  READINGS 


Time 

135^ 

140*7- 

-Hit- 

H32. 

Temp  (°C) 

it**  ' 

2.0 

2o«‘r 

70.7- 

2<y,~ 

PH  ... 

>M 

7.0 

^7.0 

~7*o 

Cond  (|iS/cm) 

- - - 

■ - 

Do  (mg/L) 

i*  o 

•'ll 

o.k?  1 

0.12- 

£>*  i  fr 

CkI*-) 

Redox  (mv) 

-He  .7 

-IRl.fi 

-MR* 

Observations  ^ 

H-.2- 

— 

— 

1.L 

gallons  purged 

/ 

C, 

II 

Additional  Comments: 


Measured  With 

-  s£_ 

rsz  -  ts~ 

dRtctJ  ISO  A 


'  ■'a*.  c'n  I 


Analyte _ 

(1)  Sulfate 

(2)  Sulfide 

(3)  Manganese 

(4)  Ferrous  Iron 

(5)  Alkalini 


_ FIELD  CHEMISTRY  RESULTS 

Dilution? _ Concentration  , 

2 _ I  3*5  O-g  ^/u 

> _  fl.JoV  1 

m  7r 


Observations/Notes 
iM  *  C$Ln  rT\  <i^iL  , 

A/«  yjJ-O 

GtrC  - 

*  /  7  *  ^ 


Additional  Comments: 


FIELD  QA/QC  PERFORMED  AT  THIS  LOCATION?  (XNo;  f  1  Yes  (see  below) 


Standard  Addition  Cone.  I  Measured  Cone.  /  X  Notes 


r?  rVfC: 


PARSONS  ENGINEERING  SCIENCE,  INC. 
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GROUNDWATER  SAMPLING  RECORD 


SAMPLING  LOCATION:  England  AFB.  M  800-Area:  [  1  2500-Area  MONITORING  WELL:  9^-001^ 

DATE  AND  TIME  OF  SAMPLING:  March  .  1999  IISZ'  /£mfo.m. 

SAMPLE  COLLECTED  BYfDW/  TH  /  JB  of  Parsons  ES:  Houston  and  Denver  Offices. 

WEATHER:  rortl  lgv—p _ - 

MQNIJ6RING  WELL  CONDITION: 

WELL  NUMBER  IS  APPARENT 

WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN: _ _ 

PVC  CONDITION  IS  UNDAMAGED 

PVC  CONDITION  IS  DAMAGED.  EXPLAIN: _ _ _ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 

[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


PRODUCT  INFORMATION: 

5  (  ]  PRODUCT  OBSERVED  AT  DEPTH  OF _ FT.  BELOW  DATUM  WITH _ 

PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION: 

7  WATER  DEPTH  MEASURED  AT  FT.  BELOW  DATUM  WITH  Agjr  (s^P 

8  I  OTHER.  EXPLAIN:  _ _ 


MONITORING  WELL  EVACUATION  METHOD: 

9  [  ]  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 

10  [  ]  DEDICATED  QED  WELL  WIZARD  PUMP: 

BLADDER  PUMP  OR  OTHER: 

Items  Cleaned  (List): _ 


»  yi 


MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM” 

Initial  Observations :  Watejr^sIight^E -  ver^cloudy 

Waterlevirtrose  yfelKno  change) 

Water  odors/commegts:  a7o 

Other  comments: _ 


ON-SITE  MEASUREMENTS: 

SEE  “ON  SITE  MEASUREMENT  FORM” 
NOT  PERFORMED,  EXPLAIN: _ 


GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

14  j±_  SW8260A  (40  mL  VOAs);  JL  DOC  by  E415.1  (sco  mL  Bottle); 

15  1)6 


i  Sulfate/Chloride  by  Meth.  N-601  (  mL  _ Bottle); 


_ NRMRL-147  (40  mL  VOAs) 

Nitrate  by  E300/SW9056  ( _ mL _ Pottle) 


NONE/OTHER:  l  Xco^ 


ON-SITE  SAMPLE  TREATMENT: 

16  [  ]  NONE 

17  [  ]  [  ]  FILTRATION: 

[  ]  PRESERVATIVES 

CONTAINER  HANDLING: 

Container  Sides  Labeled 
„  L  Container  Lids  Taped 

20M^  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ _ 


Method_ 

Method 


Containers:, 

Containers: 


3M7 


PARSONS  ENGINEERING  SCIENCE,  INC. 
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ON-SITE  MEASUREMENT  FORM 

/LING  TOC  ATT ON-  England  AFB.  800-Area:  T  12500-Area  MONITORING  WELL: — A"^  I  ~t= 


DIRECT  INSTRUMENT  READINGS 


Time 

LIS' 

1  130 

4l<St> 

Measured  With 

Temp  (°C) 

zZS 

22  •<-( 

mm 

■  ■ 

2.2.4 

dH 

i - 

■E2HH 

3- 

/fT/f  l>s>4  S4v;  ds 

— 

— 

— 

— 

liBBBilWBBi 

mam 

09 

0.3fc 

199 

1 

RSI 

ebb 

E**« 

bsiA 

KHMKBaRBSI 

Observations: 

Zl  .2. 

(s*-3> 

L/.2_ 

ra 

B 

WSBSSM 

I 

_ U - 

M 

2,1 

26^ 

3\ 

i _ 

Additional  Comments: _  ;  _ - 

7  pfVN 


FIELD  CHEMISTRY  RESULTS 


Analyte 

Dilution? 

Concentration 

Observations/Notes 

(1)  Sulfate 

ufc.'j  -*j|U 

(2)  Sulfide 

©  ,eoo 

Wlo-r  Cfc  i*  ' 

rjo 

o.H 

Mf'V  WgWV  f 

KtO 

i.afc  rtv>i<- 

J£oSh  cciio  f 

WBESSBsmmm 

BBS 

5^  >*  io  >^(  u  M'V  *  ^ 

Aa,^l£Ii!^BBBi 

1 

m  i/o|>7  *  S^efju  *  B5  5? 

<*'*r 

Additional  Comments: 


V 


FIELD  OA/QC  PERFORMED  AT  THIS  LOCATION?  [  1  No;  1  1  Yes  (see  below) 


^  - — - 

Standard  Addition  Cone. 

Measured  Cone. 

Notes 

BHH  ■ 

PARSONS 


ENGINEERING  SCIENCE,  INC. 
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GROUNDWATER  SAMPLING  RECORD 


SAMPLING  LOCATION:  England  AFB.  1^1  800-Area:  f  12500-Area  MONITORING  WELL:.  a  A vuo&vi? 

DATE  AND  TIME  OF  SAMPLING:  March_  1999  I  US'  .m. 

•  SAMPLE  COLLECTED  BT(DW7)TH  /  JB _ of  Parsons  ES:  Houston  and  Denver  Offices. 

WEATHER:  rfacr  SO _ 


MONITORING  WELL  CONDITION: 

1  [  ]  WELL  NUMBER  IS  APPARENT 

2  p4  WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN:  k)o  or 

3  f  ]  PVC  CONDITION  IS  UNDAMAGED 

4  >3  PVC  CONDITION  IS  DAMAGED.  EXPLAIN:  AWU  po-A 

^  [  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 

[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


PRODUCT  INFORMATION: 

5  []  PRODUCT  OBSERVED  AT  DEPTH  OF _ FT.  BELOW  DATUM  WITH  _ 

6  yl  PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION: 

7  [  ]  WATER  DEPTH  MEASURED  AT  FT.  BELOW  DATUM  WITH 

8  [  ]  OTHER.  EXPLAIN: _ 

MONITORING  WELL  EVACUATION  METHOD: 

9  [  ]  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 

1 0  [  ]  DEDICATED  QED  WELL  WIZARD  PUMP: 

1 1  V]  BLADDER  PUMP  OR  OTHER:  Cr,r*<\Mtf£ _ 

'  Items  Cleaned  (List):. _ 


MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM” 
Initial  Observations!  Watettslighfly>-  very)  cloudy 

Water  level  (rose  no  change) 

Water  odors/comments: _ 

Other  comments: _ 


ON-STJHE  MEASUREMENTS: 

1 2  Vf  SEE  “ON  SITE  MEASUREMENT  FORM” 

l^n  NOT  PERFORMED,  EXPLAIN: _ 


v 


GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

14  [  ]  _ SW8260A  (40  mL  VOAs); _ DOC  by  E415.1  ( _ mL _ Bottle):  NRMRL- 147  (40  mL  VO  As) 

_ Sulfate/Chloride  by  Meth.  N-601  (  mL  _ Bottle); _ Nitrate  by  E300/SW9056  ( _mL Bottle) 

15  [  )  NONE/OTHER: 


SAMPLE  TREATMENT: 
NONE 

[  ]  FILTRATION: 

[  ]  PRESERVATIVES 


Method. 

Method 


R  HANDLING: 

Container  Sides  Labeled 
Container  Lids  Taped 
Containers  Placed  in  Ice  Chest 


OTHER  COMMENTS:. 


Containers:. 

Containers:. 


PARSONS  ENGINEERING  SCIENCE,  INC. 
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ON-SJTE  MEASUREMENT  FORM 

SAMPLING  LOCATION:_England  AFB,[)(f800-Area:  f  1  2500- Area  MONITORING  WELL: 


Time 

Temp  f°C) 

_eh _ _ ; 

Cond  (uS/cm) 

Do  (mg/L) _ _ 

Redox  fmv) _ 

Observations: 

gallons  purged 
Additional  Comments: 


//d7g> 


DIRECT  INSTRUMENT  READINGS 

£2—£t2*  Urn  ly/ffi  l~ 

id  utk  /«•/.  wm 


Zo  .4 

lo.Z 

t9>L 

_j-.r 

7-5" 

■7.<r 

CM  a 

6).  /,? 

O.S 

~i<&3 

2zi- 

//<? 

0*10 


Measured  With 

~^Q  gr  msx 

7/tTH  -r?s±sTZ7 


KcoV 


Analyte _ 

(1)  Sulfate _ 

(2)  Sulfide _ 

(3)  Manganese _ 

(4)  Ferrous  Iron 

(5)  Alkalinity 

(6)  Carbon  Dioxide 

(7)  Chloride _ 

Additional  Comments: 


- - - Ltfixj  f  45^ 

FIELD  CHEMISTRY  RESULTS 

JDilution? _ Concentration 

— _  0»O 

_ 2t  QUA _ _ 

_  0(0  ^ _ 

_ Q.CO  j  O  vQO _ _ 

_ Sdfopz  x  2o  ^  \  co 

- go:  ~lo  d^pg  *  5^4  *  2- -j 


iX  Q  pps±i*i  t*  ^ 


Qbservations/Notes 

CQU>^ 

calc  ^  — —  — 

Mo  Colo  r  l 


Analyte 


jlELD  QA/QC  PERFORMED  AT  THIS  LOCATION? 
- Standard  Addition  Cone. _ Measured  Cone. 


No;  f  1  Yes  (see  below! 
J  Notes 


L5! —  PARSONS  ENGINEERING  SCIENCE,  INC. 
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GROUNDWATER  SAMPLING  RECORD 

SAMPLING  LOCATION:  England  AFB.  r/l  800-Area:  [  1  2500-Area  MONITORING  WELL: 

DATE  AND  TIME  OF  SAMPLING:  March  l*T  ,  1999 _ a.m./p.m. 

SAMPLE  COLLECTED  B  Y(D^V  TH  /  JB  of  Parsons  ES:  Houston  and  Denver  Offices. 

WEATHER:  CjLxc  ,  co&  I .  SQ - 

MONIJORING  WELL  CONDITION: 

1  WELL  NUMBER  IS  APPARENT 

2  [  WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN:  _ 

ijKf  PVC  CONDITION  IS  UNDAMAGED 

4  [  ]  PVC  CONDITION  IS  DAMAGED.  EXPLAIN: _ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 

[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


PRODUCT  INFORMATION: 

5  [  ]/  PRODUCT  OBSERVED  AT  DEPTH  OF _ FT.  BELOW  DATUM  WITH _ 

6  PRODUCT  NOT  OBSERVED 

WATEjR  LEVEL/CONDITION  INFORMATION: 

7  Jxf  WATER  DEPTH  MEASURED  AT  ln  U>  FT.  BELOW  DATUM  WITH  l&J  Mr 

8"[  J  OTHER.  EXPLAIN: _ 


MONITORING  WELL  EVACUATION  METHOD: 

9  [  ]  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 

1 0  [  ]/  DEDICATED  QED  WELL  WIZARD  PUMP: 

1  lig  BLADDER  PUMP  OR  OTHER:  _ 

'  Items  Cleaned  (List):  _ 

MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM” 
Initial  Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors/comments: _ 

Other  comments: _ 


ON-SITE  MEASUREMENTS: 

1 SEE  “ON  SITE  MEASUREMENT  FORM” 
1 3  [  ]  NOT  PERFORMED,  EXPLAIN: _ 


v 


GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

14  [  ]  _ SW8260A  (40  mL  VOAs); DOC  by  E415.1  (__mL _ Bottle);  NRMRL-147  (40  mL  VOAs) 

_ Sulfate/Chloride  by  Meth.  N-601  (  mL  _ Bottle); _ Nitrate  by  E300/SW9056  ( _ _mL _ Bottle) 

15  (  ]  NONE/OTHER: 


Method _  Containers:, 

Method _  Containers:. 

CONTAINER  HANDLING: 

1  Container  Sides  Labeled 

19  [  Container  Lids  Taped 

2Qi^[  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ _ _ 


ON-SITE  SAMPLE  TREATMENT: 

16  (  ]  NONE 

17  [  ]  [  ]  FILTRATION: 

[  ]  PRESERVATIVES 


PARSONS  ENGINEERING  SCIENCE,  INC. 
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ON-SITE  MEASUREMENT  FORM 

SAMPLING  LOCATION:  England  AFB.  £  Vi  800-  Area:  [  1  2500- Area  MONITORING  WELL:  g>  P  2: 


DIRECT  INSTRUMENT  READINGS 


Time 

fSWSM 

W3SSM 

WBBSM 

/oo9 

wmm 

whsm 

Measured  With 

Temp  (°C) 

m m 

WESM 

22. 1 

zz.o 

22.0 

22-^ 

pH 

=h 

>  ... 

3: 

f+Ttf  T^cPSfr 

Cond  (fiS/cm) 

— 

- 

WZEmM 

ram i 

6.H 

OIZ 

o  .rz_ 

ism 

Ystl  Np  cv- 

Essm 

b an 

WBSM 

EESEM 

BES&a 

H.mz. 

Observations: 

22. * 

oM 

OA 

o.(s> 

E35SHIH 

l 

b _ 

u* 

m 

zt. 

3  i 

- 7 - 

Additional  Comments: 

— I 


p 


FIELD  CHEMISTRY  RESULTS 


Analyte 

Dilution? 

Concentration 

Observations/Notes 

(1)  Sulfate 

O.ca0> 

jAd 

(2)  Sulfide 

A)  b 

O‘000 

iOe>  Colo  ^ 

o.H  vv*5il- 

(4)  Ferrous  Iron 

L81*  -^/l. 

Coio^  * 

(5)  Alkalinity 

“1  dA»(J£  «•  »  4  51 

misH 

WZ  ZO'WOrtlt- 

2-  -  120 

(7)  Chloride 

Additional  Comments: 


V 


FIELD  QA7QC  PERFORMED  AT  THIS  LOCATION?  f  1  No;  [  1  Yes  (see  below) 


Standard  Addition  Cone. 

Measured  Cone. 

Notes 

•  m 

J5 _ I  PARSONS  ENGINEERING  SCIENCE,  INC. 
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GROUNDWATER  SAMPLING  RECORD 


SAMPLING  LOCATION:  England  AFB.  £  1  800-Area:  [>-1  2500- Area  MONITORING  WELL:. 
DATE  AND  TIME  OF  SAMPLING:  March  l±j  ,  1999  1  \ 

SAMPLE  COLLECTED  BY:  D  W  /  TH  /  JB  of  Parsons  ES:  Houston  and  Denver  Offices. 

WEATHER:  Ui  cLCi-jLy . . . . . 


MONITORING  WELL  CONDITION: 

1  WELL  NUMBER  IS  APPARENT 

2  [  ]  WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN: _ 

3  bJp-  PVC  CONDITION  IS  UNDAMAGED 

4  [  ]  PVC  CONDITION  IS  DAMAGED.  EXPLAIN: _ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


AO 


PRODUCT  INFORMATION: 

5  [  ]  PRODUCT  OBSERVED  AT  DEPTH  OF  %oja  FT.  BELOW  DATUM  WITH  _ 

6  Ml  PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION: 

7  ^  WATER  DEPTH  MEASURED  AT _ FT.  BELOW  DATUM  WITH 

8  [  ]  OTHER.  EXPLAIN: _ _ _ 


MONITORING  WELL  EVACUATION  METHOD: 

9  [  ]  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 

10  [  ]  DEDICATED  QED  WELL  WIZARD  PUMP: 

11  []  BT  .ADDER  PUMP  OR  OTHER:  T65 _ _ _ _ _  - 

Items  Cleaned  (List):  ‘Pump  44,4...^  e.Vriyj/1  'uJjll — in - 'Tifl.gs — &  -^0 

MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SHE  MEASUREMENT  FORM” 

Initial  Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors/comments:  _ _ _ 

Other  comments: _ _ _ _ _ 

ON-SITE  MEASUREMENTS: 

1 2  [*£  SEE  “ON  SITE  MEASUREMENT  FORM” 

13  [  ]  NOT  PERFORMED,  EXPLAIN: _ _ _ _ _ 


GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

14  [  1  SW8260A  (40  mL  VOAs); _ DOC  by  E415.1  (  6<9  Bottle);  NRMRL-147  (40  mL  VOAs) 

Sulfate/Cbloride  bv  Meth.  N-601  (  mL  _ Bottle); _ Nitrate  by  E300/SW9056  ( _ mL - Bottle) 


15  []  NONE/OTHER:ToWx^ 

ON-SITE  SAMPLE  TREATMENT: 

16  [>f-  NONE 

17  [  ]  [  ]  FILTRATION: 

[  ]  PRESERVATIVES 


(  “Soo  mu  PI. 


Method. 

Method. 


I  i_  PI. 

Containers: _ 

Containers: _ 


CONTAINER  HANDLING: 

18H-  Container  Sides  Labeled 

19  [  j  Container  Lids  Taped 

20  [  ]  Containers  Placed  in  Ice  Chest 


OTHER  COMMENTS:. 


PARSONS  ENGINEERING 


SCIENCE,  INC. 
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ON-SITE  MEASUREMENT  FORM 

SAMPLING  LOCATION:  England  AFB.  [  1  800-Area:  f  7^2500- Area  MONITORING  WELL:  /  O  PJ' 


DIRECT  INSTRUMENT  READINGS 


Time 

mrm 

to e 

nm 

1 12£ 

JI2-1 

1134 

Measured  With 

Temp  (°C) 

ibeh 

wmm 

wmm 

mrm 

H.fi 

ysr  5S" 

pH 

~7>  C 

wsnm 

l.o 

— 

’ — 

— 

dJ±  - _ 

im 

O  .11- 

0*\b* 

C.IT 

o.i  4 

m  <:b 

mssm 

Him 

Bnsu 

mm 

t>aio;\/  2  5"  0/4 

Observations*  , 

1 

4  ^ 

%(* 

H4CM 

2- 

,‘0 

23 

2-1 _ 

32. 

Additional  Comments: 


\  — pw  'Y-  W 


FTELD  CHEMISTRY  RESULTS 


Analyte 

Dilution? 

Concentration 

Qbservations/Notes 

(1)  Sulfate 

0,0 

(2)  Sulfide 

kL 

ft.oeH 

jJc 

4.1  _ 

Wl^fWMSSWSmWWWM 

(4)  Ferrous  Iron 

If  ~ 

1 

i 

LAJJ^ _ Z _ 

l:4*i3Am< 

iSikwvjv’ da  -  feSv*/  '  ( 

kll' 

K,aMr — - *  —  - n 

85  HmI*-  w  1/ 

ISiBSaiHHl 

Additional  Comments: 


FIELD  QA7QC  PERFORMED  AT  THIS  LOCATION?  [/]  No;  f  1  Yes  (see  below) 


EESRSNH 

Standard  Addition  Cone. 

Measured  Cone. 

Notes 

PARSONS 


ENGINEERING  SCIENCE,  INC. 
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GROUNDWATER  SAMPLING  RECORD 


SAMPLING  LOCATION:  England  AFB.  f  1  800-Area:  fyj  2500-Area  MONITORING  WELL:  1  (  P£> 

DATE  AND  TIME  OF  SAMPLING:  March  .  1999  a.m./{£m> 

•  SAMPLE  COLLECTED  BY:  DW  /  TH  /  JB  of  Parsons  ES:  Houston  and  Denver  Offices. 

WEATHER:  _ 


MONITORING  WELL  CONDITION: 

1  fcj  WELL  NUMBER  IS  APPARENT 

2  [  ]  WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN: _ 

3  PVC  CONDITION  IS  UNDAMAGED 

4  [  ]  PVC  CONDITION  IS  DAMAGED.  EXPLAIN: _ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


PRODUCT  INFORMATION: 

5  [  1  PRODUCT  OBSERVED  AT  DEPTH  OF _ FT.  BELOW  DATUM  WITH  _ 

6  PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION: 

7  [  ]  WATER  DEPTH  MEASURED  AT  FT.  BELOW  DATUM  WITH 

8  [  ]  OTHER.  EXPLAIN: _ 

MONITORING  WELL  EVACUATION  METHOD: 

9  (  ]  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 

1 0  [  ]  DEDICATED  QED  WELL  WIZARD  PUNff: 

11J)0  BLADDER  PUMP  OR  OTHER:  _ 

Items  Cleaned  (List):. _ 


MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM” 
Initial  Observations:  Water  (slightly  cloudy 


Water  level  (rose  -  fell  -  no  change) 

Water  odors/comments: _ 

Other  comments: _ 


ON-SITE  MEASUREMENTS: 

1 2  Wf  SEE  “ON  SITE  MEASUREMENT  FORM” 

1 3  f  1  NOT  PERFORMED,  EXPLAIN: _ 


V 


GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

14  [  ]  SW8260A  (40  mL  VOAs);  _j_ DOC  by  E415.1  (fr*  mL  <54  Bottle);  7%  NRMRL-147  (40  mL  VOAs) 

_ Sulfate/Chloride  by  Meth.  N-601  (  mL  _ Bottle); _ Nitrate  by  E300/SW9056  ( _ _rn£, _ Bottle) 

15  []  NONE/OTHER:  ^ 

ON-SJTE  SAMPLE  TREATMENT: 

16>M  NONE 

17  [J  [  ]  FILTRATION:  Method _  Containers:. 

[  ]  PRESERVATIVES  Method _  Containers:. 

CONTAINER  HANDLING: 

18  M  Container  Sides  Labeled 

19  [  ]  Container  Lids  Taped 

20  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ 


PARSONS  ENGINEERING  SCIENCE, 


INC. 
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ON-SITE  MEASUREMENT  FORM 

SAMPLING  LOCATION:,  England  AFP-  f  1  800-Area;  ryi  2500-Area  MONITORING  WELL:  |  ' 


DIRECT  INSTRUMENT  READINGS 


Time 

-&£t 

JLTJJLVJO 

1<452 

iWS~9- 

1513— 

Measured  With 

Temp  (°C) 

ig’.q 

£0,^ 

2oc8 

2.0.8 

2.0  >  8 

nH 

"7 . 0 

~I,0 

V 

•=?- 

_E£2: - - - 

Cond  ( uS/cm) 

. 

— - 

— 

— 

— . 

Do  ( me/L) 

'i^'y 

0,  »8 

O.I-3 

O.U 

CM( 

o<-  (i 

RpHnx  ( rmA 

—  iTMVf 

— 172. 7 

-l8£<J 

-18 Au 

zditii3. 

-m3 

£?g  lows/  -2  5“£>4 

X\vUUA  J 

Observations:  .  Jl 

>■£0 

- 

ll.<> 

{Lite.  - 

i-»4cH 

gallons  purged 

1 

8  (3 

_JLi_ 

2& 

Additional  Comments: _ _ _ _ _ _ — 

t>CN  C*- IQ 


FIELD  CHEMISTRY  RESULTS 


Analyte 


(1)  Sulfate 


(2)  Sulfide 


(3)  Manganese 


(4)  Ferrous  Iron 


(5)  Alkalinity 


(6)  Carbon  Dioxide 
(7yCkiecide 


Additional  Comments^ 


Dilution? 


H 


JvU_ 


Uo 

5ZT 


r.Hj  IVS4  37.S 


m 


Concentration 


oA  o 


M3 

- <1  ii  /ad - 


U— 


«|  1%' 

I T tv  I  jLH  ' 


SST/  "  " 


~5* 


Observations/Notes 


cc\*S 


<^>  CcCoZ- _ 

t  lo-U£>. 


X.  Cxi:  ^  , 


fit.  AAtf'J  uV~.\L  UccU  Coi  \l&  laV  EUlpLl  ^p4-4 '  wM 
^  AuTX.i  i4  aq2&  ^0  ^M,-n  -- 
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GROUNDWATER  SAMPLING  RECORD 


SAMPLING  LOCATION:  Eneland  AFB.  f  I  800-Area:  ^2500-Area  MONITORING  WELL:  -ki3iall£S- 

DATE  AND  TIME  OF  SAMPLING:  May  &&  .  1999  l%:  9  5"" t.m7p.m. 

SAMPLE  COLLECTED  BY :  DW  /  TH  of  Parsons  ES:  Houston  and  Denver  Offices. 

WEATHER:  jjJJ  M* 


MONITORING  WELL  CONDITION: 


% 


i  u. 

4  [] 


WELL  NUMBER  IS  APPARENT  H- 

WELL  NUMBER  IS  NOT  APPARENT.  EXPLAC 
PVC  CONDITION  IS  UNDAMAGED 
PVC  CONDITION  IS  DAMAGED.  EXPLAIN: 


&: 


h\ 


[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


PRODUCT  INFORMATION: 

5  [  L  PRODUCT  OBSERVED  AT  DEPTH  OF _ FT.  BELOW  DATUM  WITH 

6  £4  PRODUCT  NOT  OBSERVED 


WATER  LEVEL/CONDITION  INFORMATION:  - 

7  [  ]  WATER  DEPTH  MEASURED  AT  )  I  ■*£><=>  FT.  BELOW  DATUM  WITH 

8  [  ]  OTHER.  EXPLAIN: _ 

MONITORING  WELL  EVACUATION  METHOD: 

9  ^  PERISTALTIC  PUMP  AND  DEDICATED  TUBING  ^  Hi 

1 0  [  j  DEDICATED  QED  WELL  WIZARD  PUMP: 

I  I'M  BLADDER  PUMP  OR  OTHER:  f" 

Items  Cleaned  (List): _  UC  \ 

MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM” 

Initial  Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors/comments: _ 

Other  comments: _ 

ON-SITE  MEASUREMENTS: 

12  M  SEE  “ON  SITE  MEASUREMENT  FORM” 

13  [  J  NOT  PERFORMED,  EXPLAIN: _ 


GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

1 4  M-  _ L  MICROSEEPS  Dissolved  Hydrogen  Vials  ( ^  Q  mL) 

15  [  ]  Notes/Comments/Other: _ 


j8's  y 


ON-SITE  SAMPLE  TREATMENT: 

NONE 

17  [  ]  (  ]  FILTRATION:  Method _  Containers: 

[  ]  PRESERVATIVES  Method  Containers:. 

CONTAINER  HANDLING: 

1 8  f-4-  Container  Sides  Labeled 

19  []  Container  Lids  Taped 


m, 


I  PARSONS  KNC1NBKRINC  SCIINCB,  INC. 
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ON-SITE  MEASUREMENT  FORM 

SAMPLING  LOCATION:.  Eneland  AFB,  [  1  800- Area:  f/l  2500-Area  MONITORING  WELL: 


PARSONS  BNCINSSRINO  SCIENCH,  INC. 
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GROUNDWATER  SAMPLING  RECORD 

SAMPLING  LOCATION:  England  AFB.  £  1  800-Area:  fyf2500-Area  MONITORING  WELL: 

DATE  AND  TIME  OF  SAMPLING:  March  /  .  1999  08!  5~  Ccfc/pm. 

•  SAMPLE  COLLECTED  BY:  /  TH  /  JB  of  Parsons  ES:  Houston  and  Denver  Offices. 

WEATHER:  5a"  <=  'QfiliJ,  _ 

MONITORING  WELL  CONDITION: 

1  WELL  NUMBER  IS  APPARENT 

2  []  WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN: _ 

3  H""  PVC  CONDITION  IS  UNDAMAGED 

4  [  ]  PVC  CONDITION  IS  DAMAGED.  EXPLAIN: _ _ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 

[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ _ 


PRODUCT  INFORMATION: 

5  [  ]  PRODUCT  OBSERVED  AT  DEPTH  OF _ FT.  BELOW  DATUM  WITH  _ 

6  [><_  PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION: 

7  [  ]  WATER  DEPTH  MEASURED  AT  "l-Csfr  FT.  BELOW  DATUM  WITH 

8  (  ]  OTHER.  EXPLAIN: _ 

MONITORING  WELL  EVACUATION  METHOD: 

9  [  ]  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 

10  [  ]  DEDICATED  QED  WELL  WIZARD  PUMP: 

1 1  BLADDER  PUMP  OR  OTHER:  _ 

Items  Cleaned  (List): _ 


MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM” 
Initial  Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors/comments: _ 

Other  comments: _ 


ON-SJTE  MEASUREMENTS: 

12V|  SEE  “ON  SITE  MEASUREMENT  FORM” 

13  [  ]  NOT  PERFORMED,  EXPLAIN: _ 


% 


GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

14  M  4  SW8260AM0  mL  VOAs);  J_  DOC  by  E415.1  (&>OmL  CA  Bottle);  ^  NRMRL-147  (40  mL  VOAs) 

/  JX§ulfate/Chiorid£>by  Meth.  N-601  ( _ mL  _ Bottle):  Z  Nitrate  by  E30C/SW905b  (  mL  Bottle) 

15  M  NONE7OTHERT  /  *1^  PUL*. 

ON-SITE  SAMPLE  TREATMENT: 

1^4  NONE 

17  [  ]  [  ]  FILTRATION:  Method _  Containers: _ 

[  ]  PRESERVATIVES  Method _  Containers: _ 


CONTAINER  HANDLING: 

18  ^  Container  Sides  Labeled 

19  [  1  Container  Lids  Taped 

20  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ 


PARSONS 


ENGINEERING  SCIENCE,  INC. 
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ON-SITE  MEASUREMENT  FORM 


SAMPLING  LOCATION:  England  AFB.  [  1  800- Area:  2500- Area  MONITORING  WELL: 


12  Re¬ 


direct  INSTRUMENT  READINGS 

/  -r"  •  I  -  =n  '  _  .  t  ^  o.  /  ^  I  * 


Time 

OS40  , 

C>853 

O°ico 

Measured  With 

Temp  (°C) 

2  0i<ft 

n.oi^ 

pH 

fc,8i 

ir.&l 

(o&-L 

(*<83 

6<9V 

Cond  (JiS/cm) 

o  t00t» 

Ofiol- 

.<7 /0 

Oft  to 

Oi^O^ 

Do  (mg/L) 

2-402. 

e.H<T 

0.39 _ 

o^r 

Redox  (mv) 

-fS'f _ : 

-levs' 

—  nr5To 

-IT7.T- 

-m,? 

Observations:  Sf 

*- 

It 

o 

ms 

gallons  purged 

OtT 

13 

2.1 

'L.e 

3© 

Additional  Comments: 


»  ,  I  ,  tit  „  I  I 


SWk<<  j 


J  £j  sb  /*/l  ^  3.\ 


H-g, _ ±iLsj£U-/4* I*) 


OO  *krcW<t  d“0  0(1  <svs  ^  £  r<>  .  H<yf“Ca>  AA*  C+-o  4.  o  *c  p 


FIELD  CHEMISTRY  RESULTS 


Analyte 

Dilution? 

Concentration 

Observations/Notes 

(1)  Sulfate 

AC 

o.o 

AL  fiiiA  'tudo. 

(2)  Sulfide 

K 

-£• 

n.o 

/L  cA*sl  is  **tL*ht 

(3)  Manganese 

t 

0 

3-.2  £$*/£= _ 

i 

3 

•>* 

(4)  Ferrous  Iron 

^Jr. 

4.33  ^ 

(5)  Alkalinity 

/^{D.S  i  37.<T 

fijr^y.50-  Ito  X*l-  6^tW/l 

-  CzC03 

(6)  Carbon  Dioxide 

1  ,J  f4 

f(S< A  ^ 

Or\wJ*U£d  -*£ iJyWfcft# 

(7)  Chloride 

Additional  Comments: 


Analyte 

Standard  Addition  Cone. 

Measured  Cone.  ' 

Notes 
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GROUNDWATER  SAMPLING  RECORD 

SAMPLING  LOCATION:  England  AFB.  b^800-Area:  f  1 2500-Area  MONITORING  WELL: 

DATE  AND  TIME  OF  SAMPLING:  May  1999  a.m./p.m. 

SAMPLE  COLLECTED  BY:  DW  /  TH  of  Parsons  ES:  Houston  and  Denver  Offices. 

WEATHER: _ ^ 


W- 


MONITORING!  WELL  CONDITION: 

1  WELL  NUMBER  IS  APPARENT  K  L0e.1 

2  f]  WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN: _ 

3  'bii  PVC  CONDITION  IS  UNDAMAGED 

4  [  ]  PVC  CONDITION  IS  DAMAGED.  EXPLAIN: _ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


PRODUCT  INFORMATION: 

5  {  1  PRODUCT  OBSERVED  AT  DEPTH  OF _ FT.  BELOW  DATUM  WITH  _ 

6  PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION: 

7  [  ]  WATER  DEPTH  MEASURED  AT  |o.l ^  FT.  BELOW  DATUM  WITH 

8  [  ]  OTHER.  EXPLAIN: _ _ _ 


MONITORING  WELL  EVACUATION  METHOD: 

9  Kjft  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 

1 0  (/]  DEDICATED  QED  WELL  WIZARD  PUMP: 

1 1^4  BLADDER  PUMP  OR  OTHER: _ Y* 

Items  Cleaned  (List): _ _ 


Tr 


MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM” 

Initial  Observations:  Water  (slightly  -  very)  cloudy  C\e&\ 

Water  level  (rose  •  fell  -  no  change) 

Water  odors/comments: _ 

Other  comments: _ 


ON-SITE  MEASUREMENTS: 

1  SEE  “ON  SITE  MEASUREMENT  FORM” 

rf{  j  NOT  PERFORMED,  EXPLAIN: _ 

GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 
J  _ MICROSEEPS  Dissolved  Hydrogen  Vials  ( _ mL) 

15  [  ]  Notes/Comments/Other: _ _ 


ON-SITE  SAMPLE  TREATMENT: 
l(JVf  NONE 

17L  ]  [  ]  FILTRATION:  Method _  Containers:. 

[  ]  PRESERVATIVES  Method _  Containers:. 


CONTAINER  HANDLING: 

1 8  Vg—  Container  Sides  Labeled 

\9[  ]  Container  Lids  Taped 

20  [  ]  Containers  Placed  in  Ice  Chest  | 

OTHER  COMMENTS:  k2ll  )  £ _ ZZZ 


•v 


m 
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ON-SITE  MEASUREMENT  FORM 

SAMPLING  LOCATION:  England  AFR.  f\nOO-Area:  f  1 2500-Area  MONITORING  WELL:  <-£>1^  p^2 


DIRECT  INSTRUMENT  READINGS 


Time 

Ik-.io 

Ik.  £ 

r  ik -id 

\b-l£ 

MO 

Measured  With 

Temp  (°C) 

r?i 

3oTl 

3b. 

p»  »■ 

fe.7M 

0.74 

Co.97 

Cond  (j£S/cm) 

o.  8*/ 

1-0*11 

1,0-73 

t.o7^ 

Do  (mg/L) 

i.n 

i-ea 

1 

].<*£> 

Redox  (mv) 

-I2S.& 

-fXS.O 

- 131.1  . 

r»^.fc 

Observations: 

- 

^u/bn  - 
^  u  ,c 

nctu. 

gallons  purged 

136-U. 

2n°*L 

i  TMZ 1 

Additional  Comments:  cdr  / 

* • 

ErtJj Tts  6o.h*.\itor  4- 

■M*. 


FIELD  CHEMISTRY  RESULTS 


Analyte 

Dilution? 

Concentration 

Obser  vations/N  otes 

(l)  Sulfate 

(2)  Sulfide 

(3)  Manganese 

(4)  Ferrous  Iron 

(5)  Alkalinity 

(6)  Carbon  Dioxide 

(7)  Chloride 

Additional  Comments: 


FIELD  QA/QC  PERFORMED  AT  THIS  LOCATION?  [  I  No;  [  }  Yes  (see  below) 


Analyte 

Standard  Addition  Cone. 

Measured  Cone. 

Notes 

PARSONS 


BNCINBBRINC  SCIENCE!,  INC. 
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SAMPLING  LOCATION:  England  AFB.  T  1800-Area;  2500- Area  MONITORING  WELL: 

DATE  AND  TIME  OF  SAMP/^GbJs^ar5h_Jl_,  1999 _ a.m./£Sp 

SAMPLE  COLLECTED  of  Parsons  ES:  Houston  and  Denver  Offices. 

WEATHER: _ tlrpW/J-  ,  - 

MONITORING  WELL  CONDITION: 

1  [ft  WELL  NUMBER  IS  APPARENT 

2  [  ]  WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN:  _ 

3  [  ]  PVC  CONDITION  IS  UNDAMAGED 

4  [  ]  PVC  CONDITION  IS  DAMAGED.  EXPLAIN: _ _ _ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 

[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe):. - 


PRODUCT  INFORMATION: 

5  [  ]  PRODUCT  OBSERVED  AT  DEPTH  OF _ FT.  BELOW  DATUM  WITH _ 

6  M’  PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION:  ,  * 

7  M  WATF.R  DEPTH  MEASURED  AT  %J_Q  FT.  BELOW  DATUM  WITH  frgC  prJoe  V 

8  [  ]  OTHER.  EXPLAIN: _ _ _ 

MONITORING  WELL  EVACUATION  METHOD: 

9  [  ]  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 

10  [  ]  DEDICATED  QED  WELL  WIZARD  PUMP: 

1 1  [  ]  BLADDER  PUMP  OR  OTHER:  frftOPPoS _ _ _ 

Items  Cleaned  (List): _ .  - - - — - 

MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM” 

Initial  Observations:  Water  (slightly  -<£fg>)  <^55gg) 

Water  level  (rose  -  fell  -  no  change) 

Water  odors/comments:  Ar.A  _ 

Other  comments: _ : _ 

ON-SITE  MEASUREMENTS: 

12  [  ]  SEE  “ON  SITE  MEASUREMENT  FORM” 

13  [1  NOT  PERFORMED,  EXPLAIN _ _ _ 

—  V 

GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES:  w»,  3 

14(  ]  4_  SW8260A  (40  mL  VO  As);  I  DOC  by  E4 15.1  fr^mL _ Botde);  NRMRL-147  (40  mL  VO  As) 

Sulfate/Chloride  by  Meth-N-601  (— — mL - Settle);  J Nitrate  by  E300/SW9056  (JctomL  _f_Bortle) 

15  [  ]  NONE/OTHER:  " - =7 

ON-SITE  SAMPLE  TREATMENT: 

16^  NONE 

17  [  f  [  ]  FILTRATION:  Method _  Containers: _ _ _ 

(  ]  PRESERVATIVES  Method _  Containers: _ _ _ 

CONTAINER  HANDLING: 

18  [)Q  Container  Sides  Labeled 

19  [  1  Container  Lids  Taped 

20  Px  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ _ _ — - - 


PARSONS  ENGINEERING 


SCIENCE,  INC. 
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ON-SITE  MEASUREMENT  FORM 

SAMPLING  LOCATION:  England  AFB.f  1  800-Area:  bfl  2500-Area  MONITORING  WELL: 


Tern 


Cond  (uS/cm 


Redox  (mv 


ailons  pursed 


1  f&BMESSMl 

2o.8| 

ahil 

1.00 

M3EBM\ 

OiW 

0,^0 

-1(0(1 

.82^/ 

o*y 

"2- 

lo 

Measured  With 


0**182 


Analvte 


1 )  Sulfate 


2)  Sulfide 


3)  Manganese 


4)  Ferrous  Iron 


5)  Alkalini 


6)  Carbon  Dioxide 


7)  Chloride 


Additional  Comments: 


_ FIELD  CHEMISTRY  RESULTS 

Dilution?  i  Concentration 


o.o 


M  0,S-ty?.S 


3*0  VHtf/L. 


Observations/Notes 


_ FIELD  QA/QC  PERFORMED  AT  THIS  LOCATION?  f  ]  No;  f  ]  Yes  (see  below 

Analyte  I  Standard  Addition  Cone.  I  Measured  Cone.  I  Notes 


— 1  PARSONS  ENGINEERING  SCIENCE,  INC. 
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GROUNDWATER  SAMPLING  RECORD 


SAMPLING  LOCATION:  England  AFB.  [  1  800-Area:  Qfl  2500-Area  MONITORING  WELL:  A3  91.0  I  ft 

DATE  AND  TIME  OF  SAMPLft^March  *3  , 1999  CBi/p.m. 

SAMPLE  COLLECTED  BYU)W/TH/ jj)  of  Parsons  ES:  Houston  and  Denver  Offices. 

WEATHER:  t/0  '  5 _ 

MONITORING  WELL  CONDITION: 

1  WELL  NUMBER  IS  APPARENT 

2  [  ]  WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN: _ 

3  ■H'  PVC  CONDITION  IS  UNDAMAGED 

4  [  ]  PVC  CONDITION  IS  DAMAGED.  EXPLAIN: _ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 

[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ _ 


PRODUCT  INFORMATION: 

5  [  ]  PRODUCT  OBSERVED  AT  DEPTH  OF _ FT.  BELOW  DATUM  WITH _ 

6  [c4  PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION: 

7  H  WATER  DEPTH  MEASURED  AT  O-  HS  FT.  BELOW  DATUM  WITH _ 

8  [  ]  OTHER.  EXPLAIN: _ 

MONITORING  WELL  EVACUATION  METHOD: 

9  [  ]  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 

10  [  ]  DEDICATED  QED  WELL  WIZARD  PUMP: 

1 1  Ji]  BLADDER  PUMP  OR  OTHER:  _ 

Items  Cleaned  (List): _ _ _ _ 

MONITORING  WELL  EVACUATION  OBSERVATIONS:  / — \  “ 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM” 

Initial  Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors/comments:. _ 

Other  comments:  _ 

ON-SITE  MEASUREMENTS:  "* 

1 2  M  SEE  “ON  SITE  MEASUREMENT  FORM” 

13  [  ]  NOT  PERFORMED,  EXPLAIN:  _ 

GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

14  M  ±{_  SW8260A  (40  mL  VOAs);  J_  DOC  by  E4 1 5. 1  fa^ml  &A-  Bottle);  NRMRL-147  (40  mL  VOAs) 

SulfaW^l™-jHp  1^'  M»th  N-fifll  (  mL  _ Bottle); _ Nitrate  by  E300/SW9056  (  mL Bottle) 

15  M  NONE/OTHER:  „  _ _ _  _ 

ON-SITE  SAMPLE  TREATMENT:  “•  ,e*»  fi/fx  \ • 

16  M  NONE 

17  [  ]  [  ]  FILTRATION:  Method _  Containers: _ 

[  ]  PRESERVATIVES  Method _  Containers: _ 

CONTAINER  HANDLING: 

1 8  Container  Sides  Labeled 

19  [  ]  Container  Lids  Taped 

20  [  ]  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ _ _ _ _ _ _ 


PARSONS  ENGINEERING 


SCIENCE,  INC. 
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ON-SITE  MEASUREMENT  FORM 

SAMPLING  LOCATION:  England  AFB.  £  1  SOO-ArearMf  2500-Area  MONITORING  WELL:_ 


13  pi 


DIRECT  INSTRUMENT  READINGS 


Time 

Dirt 

0151 

A&of 

/olv 

/Oi? 

Temp  (°C) 

22  il4 

•22,16, 

■21.  It- 

“2  2-2  5* 

22.ol 

pH 

(o'&O 

U.V 

Cond  (|iS/cm) 

O.&C.A 

oS°3l__ 

bAlf 

O.  VB 

Do  (mg/L) 

°'1L 

COS" 

Redox  (mv) 

-<V8 

-151 A 

-  jy?.o 

~i55.5~ 

Observations:  5^/ 

*03? 

0,* isd 

6  W 

gallons  purged 

/ 

/z. 

P?- 

35 

^3 

Additional  Comments: 


i  > 


Measured  With 


Analyte _ 

(1)  Sulfate _ 

(2)  Sulfide _ 

(3)  Manganese _ 

(4)  Ferrous  Iron 

(5)  Alkalinity _ 

(6)  Carbon  Dioxide 

(7)  Chloride _ 

Additional  Comments: 


FIELD  CHEMISTRY  RESULTS 


Dilution? 


Concentration 


So  aaaa  . 


_ Observations/Notes 

Hi  Vr<  4i/ilo. 

jig  Viy 


Analyte 


FIELD  QA/QC  PERFORMED  AT  THIS  LOCATION? 
I  Standard  Addition  Cone.  |  Measured  Cone. 


No;  f  1  Yes  (see  below) 
l  Notes 


■ _ J  PARSONS  ENGINEERING  SCIENCE,  INC. 
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GROUNDWATER  SAMPLING  RECORD 

SAMPLING  LOCATION:  England  AFB.f  1  800-Area:  ^2500-Area  MONITORING  WELL: - L-AT?  fiZ- 

DATE  AND  TIME  OF  SAMPLING:  May  2b  >  1999  lk-5TP  a.m./p.m. 

SAMPLE  COLLECTED  BY:  DW  /  TH  of  Parsons  ES:  Houston  and  Denver  Offices. 

WEATHER: _ j..  M -j.  - — - 

MONITORING  WELL  CONDITION:  »  i  /  ) 

1  q4-  WELL  NUMBER  IS  APPARENT  ^  CO  S' 

2  {  1  WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN: _ 

PVC  CONDITION  IS  UNDAMAGED 
PVC  CONDITION  IS  DAMAGED.  EXPLAIN: 


[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


PRODUCT  INFORMATION: 

5  [  ]  PRODUCT  OBSERVED  AT  DEPTH  OF _ 

6  PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION: 

7  m  WATER  DEPTH  MEASURED  AT  )  I ,  N  D 

8  [  ]  OTHER.  EXPLAIN: _ 


FT.  BELOW  DATUM  WITH 


FT.  BELOW  DATUM  WITH  LdL 


JtJl 


MONITORING  WELL  EVACUATION  METHOD:  n  i  ,  |  , 

9  PERISTALTIC  PUMP  AND  DEDICATED  TUBING  \*>r  dni  Q  l/'SZ 

10  []  DEDICATED  QED  WELL  WIZARD  PUMP:  .  j 

11  [ft—  BLADDER  PUMP  OR  OTHER:  fio  i 


Items  Cleaned  (List):. 


MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM” 
Initial  Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors/comments: _ 

Other  comments: _ 


ON-SITE  MEASUREMENTS: 

12)Q  SEE  “ON  SITE  MEASUREMENT  FORM” 

1 3  [  ]  NOT  PERFORMED,  EXPLAIN: _ 


GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 
1 4  [)4-  t  MICROSEEPS  Dissolved  Hydrogen  Vials  (  % Q_  mL) 


Notes/Comments/Other: 


15  [  ] 

ON-SITE  SAMPLE  TREATMENT: 

16  (X  NONE 

17  (  ]  [  ]  FILTRATION:  Method, 

[  ]  PRESERVATIVES  Method, 


Containers:. 

Containers:. 


CONTAINER  HANDLING: 

1 8  [V  Container  Sides  Labeled 

1 9  t  ]  Container  Lids  Taped 

20  [  ]  Containers  Placed  in  ice  Chest  1 

OTHER  COMMENTS: _  V  ~  2@. 


M 


a. 


UPJ  PARSONS 


T&)  *  W&  J,  j 
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un-an*,  MEASUREMENT  FORM 
SAMPLING  LOCATrON:_Bog|and  AFB,  f  ]  SOO-Area;  f~/}  -2500-Area  MONITORING  WELL: 


DIRECT  INSTRUMENT  READINGS 
I  h*k^  1  77  1 


Additional  Comments: 


Analyte 
TO  Sulfate 
~{2)  Sulfide 

(3)  Manganese _ 

(4)  Ferrous  Iron 
~(5)  Alkalinity 

(6)  Carbon  Dioxide 

(7)  Chloride 
Additional  Comments: 


_ FIELD  CHEMISTRY  RESULTS 

Dilution?  "T  Concentration 


Observations/Notes 


Analyte 


FIELD  QA/QC  PERFORMED  AT  THIS  LOCATION?  f  I  No;  f  1  Yes  (see  below) 
Standard  Addition  Cone.  |  Measured  Cone.  I  Notes - 


L-_J  PARSON*  BNCINMRINB  BCIENCB,  INC. 
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GROUNDWATER  SAMPLING  RECORD 


SAMPLING  LOCATION:  England  AFB.T  1  800- Area:  fvl  2500- Area  MONITORING  WELL:  t  *?  P? 

DATE  AND  TIME  OF  SAMPLING:  March  fe-  .  1999  a.nC^P 

SAMPLE  COLLECTED  BY:  DW  /  TH  /  JB  of  Parsons  ES:  Houston  and  Denver  Offices. 

WEATHER: _ 


MONITORING  WELL  CONDITION: 

1  fed  WELL  NUMBER  IS  APPARENT 

2  [  ]  WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN: _ 

3  jk]  PVC  CONDITION  IS  UNDAMAGED 

4  [  ]  PVC  CONDITION  IS  DAMAGED.  EXPLAIN: _ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


PRODUCT  INFORMATION: 

5  [  ]  PRODUCT  OBSERVED  AT  DEPTH  OF _ FT.  BELOW  DATUM  WITH _ 

6  £]  PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION: 

7  04  WATER  DEPTH  MEASURED  AT  FT.  BELOW  DATUM  WITH 

8  [  ]  OTHER.  EXPLAIN: _ _ 

MONITORING  WELL  EVACUATION  METHOD: 

9  [  ]  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 

10  [  ]  DEDICATED  QED  WELL  WIZARD  PUMP: 

1 1  j<f  BLADDER  PUMP  OR  OTHER:  C-EL WOFftS _ _ 

Items  Cleaned  (List): _ _ 

MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM” 

Initial  Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors/comments: _ 

Other  comments: _ 

ON-SITE  MEASUREMENTS: 

12  Q>4.  SEE  “ON  SITE  MEASUREMENT  FORM” 

13  [  ]  NOT  PERFORMED,  EXPLAIN: _ 

GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 

14  [  ]  SW8260A  (40  mL  VOAs);  J_  DOC  by  E415.1  (£^mL  6±  Bottle);  3  NRMRL-147  (40  mL  VOAs) 

_ Sulfate/Chloride  by  Meth,  N-601  (  mL  _ Bottle); _ Nitrate  by  E300/SW9056  ( _ _mL _ Bottle) 

15  []  NONE/OTHER-  ~  - ^  _ _ 

T«  X'R - 1  u  pi  ^  - — - 

ON-SITE  SAMPLE  TREATMENT:  ’  /ft-  PU'hy c 

16  M.  NONE 

17  [  ]  [  ]  FILTRATION:  Method _  Containers: _ 

[  ]  PRESERVATIVES  Method _  Containers: _ 

CONTAINER  HANDLING: 

18  [4  Container  Sides  Labeled 

19  [  ]  Container  Lids  Taped 

20  [  ]  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ 


PARSONS 


ENGINEERING  SCIENCE,  INC. 
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ON-SITE  MEASUREMENT  FORM 

SAMPLING  LOCATION:  England  AFB.  [  1  800-Area:  fl&f  2500- Area  MONITORING  WELL: 


DIRECT  INSTRUMENT  READINGS 


I  hr  " 


Measured  With 


PARSONS  ENGINEERING  SCIENCE,  INC. 
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GROUNDWATER  SAMPLING  RECORD 


SAMPLING  LOCATION:  England  AFR  f  1  800-Area: 2500- Area  MONITORING  WELL:  A^U-O^i 


DATE  AND  TIME  OF  SAMPL^Ki-Maich^ 
SAMPLE  COLLECTED  B^DW/TH/JB, 
WEATHER: _ A 


_ ,  1999  9'  SO  Ca7i^./p.m. 

of  Parsons  ES:  Houston  and  Denver  Offices. 

tzA  \  6flgF 


rijt'v  T 1 


MONITORING  WELL  CONDITION:  ^  v  .tf# 

1  CK  WELL  NUMBER  IS  APPARENT  ( 

2  f  ]  WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN: _ 

3  |>4  PVC  CONDITION  IS  UNDAMAGED 

4  [  ]  PVC  CONDITION  IS  DAMAGED.  EXPLAIN:  j _ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


PRODUCT  INFORMATION: 

5  []  PRODUCT  OBSERVED  AT  DEPTH  OF _ 

6  ^  PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION:  _ 

7  WATER  DEPTH  MEASURED  AT  P^D 

8  [  ]  OTHER.  EXPLAIN: _ 


fcf.  BELOW  DATUM  WITH 


FT.  BELOW  DATUM  WITH 


MONITORING  WELL  EVACUATION  METHOD: 

9  [  ]  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 

10  []  DEDICATED  QED  WELL  WIZARD  PUMP- 

1 1  £4  BLADDER  PUMP  OR  OTHER:  6  r 

Items  Cleaned  (Lisf):  ’R/A*  A3&nJ  'Vu'oVrvs  . 

MONITORING  WELL  EVACUATION  OBSERVATIONS:  O 

Volume  Removed:  SF.F.  “ON  SITE  MEASUREMENT  FORM” 
Initial  Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors/comments: _ 

Other  comments: _ 

ON-SITE  MEASUREMENTS: 

1 2  [  ]  SEE  “ON  SITE  MEASUREMENT  FORM” 

13  [  ]  NOT  PERFORMED,  EXPLAIN: _ 


GROUNDWATEJ 

M[  ]  X 


.  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 


X  Oi-U.TlXrJL.TLO  LVJLL.LL  1  JL.JL*  f  V/JCV  VAJL'  JL  A  Li  minuu  X  OAJO* 

SW8260A  (40  mL  VOAs);  >£_  DOC  by  E415.1  (&>  mL  6.  Bottle);  ANRMRL-147  (40  mLVOAs) 
Sulfate/Chloride  by  Meth.  N-601  (  mL _ Bottle);  V'  Nitrate  by  E300/SW9056  (Efe^mLT  Bottle) 


15  [  ]  NONE/OTHER: 

ON-SITE  SAMPLE  TREATMENT: 

16  NONE 

17  f  ]  [  ]  FILTRATION:  M. 

[  ]  PRESERVATIVES  U 

CONTAINER  HANDLING: 

18  Container  Sides  Labeled 

19  [  ]  Container  Lids  Taped 

20  [  ]  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ STAMj 


Methods 

Method 


Containers 

Containers: 


ttfornw.  ftftfbRMa  Fog, 
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GROUNDWATER  SAMPLING  RECORD 


SAMPLING  LOCATION:  England  AFB.  800-Area:  [  1 2500-Area 


MONITORING  WELL: 


DATE  AND  TIME  OF  SAMPLING:  May _ ,  1999 _ a.m./p.m. 

SAMPLE  COLLECTED  BY:  DW  /  TH  of  Parsons  ES:  Houston  and  Denver  Offices. 


WEATHER: 


MONITORING  WELL  CONDITION: 

1  []  WELL  NUMBER  IS  APPARENT 

2  M  WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN:  tk 

3  M  PVC  CONDITION  IS  UNDAMAGED 

4  f  1  PVC  CONDITION  IS  DAMAGED.  EXPLAIN: _ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


PRODUCT  INFORMATION: 

5  [  1  PRODUCT  OBSERVED  AT  DEPTH  OF _ FT.  BELOW  DATUM  WITH  _ 

6  HL  PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION: 

7  [  ]  WATER  DEPTH  MEASURED  AT  7.?  7  FT.  BELOW  DATUM  WITH 

8  [  ]  OTHER.  EXPLAIN: _ 


MONITORING  WELL  EVACUATION  METHOD: 

9  [)(  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 

10  K  T  DEDICATED  QED  WELL  WIZARD  PUMP:  n 

1 1  [)i-  BLADDER  PUMP  OR  OTHER:  L  (L  y  • 

Items  Cleaned  (List): _  /  ( I 


MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM” 

Initial  Observations:  Water  (slightly  -  very)  cloudy  cJL>rv- 

Water  level  (rose  -  fell  -  no  change) 

Water  odors/comments:  tm-,  y,ete><~<; 
Other  comments: _ 


ONSITE  MEASUREMENTS: 

12  bs__  SEE  “ON  SITE  MEASUREMENT  FORM” 

1 3  {]  NOT  PERFORMED,  EXPLAIN: _ 


GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 
1 4  [  ]  X  MICROSEEPS  Dissolved  Hydrogen  Vials  (  9^  mL) 


15  c  ] 


Notes/Comments/Other: 


- _ 


ON-SITE  SAMPLE  TREATMENT: 

16M  NONE 

17[  ]  (  ]  FILTRATION:  Method _  Containers: _ 

[  ]  PRESERVATIVES  Method _  Containers: _ 

CONTAINER  HANDLING: 

1 8  Container  S  ides  Labeled 

191  ]  Container  Lids  Taped 

20  [  ]  *  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ Tfc  6>  /oV  G,4-  tnjl 
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GROUNDWATER  SAMPLING  RECORD 

SAMPLING  LOCATION:  England  AFB.  fofl  800-Area:  [  ]  2500-Area  MONITORING  WELL:  S  5  S' L.  OO  9  M  uj 

DATE  AND  TIME  OF  SAMPLING:  May  S>7  •  1999  Ohio  a.m./p.m. 

SAMPLE  COLLECTED  BY:  DW/TH  of  Parsons  ES:  Houston  and  Denver  Offices. 


WEATHER: 


-t 


MONITORING  WELL  CONDITION: 


1  U 

2  CxT 

3 

4  [  ] 


WELL  NUMBER  IS  APPARENT 

WELL  NUMBER  IS  NOT  APPARENT.  EXPLAIN:, 

PVC  CONDITION  IS  UNDAMAGED 

PVC  CONDITION  IS  DAMAGED.  EXPLAIN: _ 


/J°  sEl 


[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


PRODUCT  INFORMATION: 

5  [  ]  PRODUCT  OBSERVED  AT  DEPTH  OF _ 

6  PRODUCT  NOT  OBSERVED 

WATER  LEVEL/CONDITION  INFORMATION: 

7  j>4  WATER  DEPTH  MEASURED  AT  7.76 

8  [  ]  OTHER.  EXPLAIN: _ 


FT.  BELOW  DATUM  WITH 


FT.  BELOW  DATUM  WITH  Aj?  U 


MONITORING  WELL  EVACUATION  METHOD: 

9  PERISTALTIC  PUMP  AND  DEDICATED  TUBING 

10  [  ]  DEDICATED  QED  WELL  WIZARD  PUMP: 

1 1  [X3  BLADDER  PUMP  OR  OTHER:  fWU  ’*  (&&£.  A6^\W3 

Items  Cleaned  (List):.  UO 


MONITORING  WELL  EVACUATION  OBSERVATIONS: 

Volume  Removed:  SEE  “ON  SITE  MEASUREMENT  FORM” 
Initial  Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors/comments: _ 

Other  comments: _ 


ON-SITE  MEASUREMENTS: 

12  VI  SEE  “ON  SITE  MEASUREMENT  FORM” 

13  [  ]  NOT  PERFORMED,  EXPLAIN: _ 


GROUNDWATER  SAMPLES  COLLECTED  FOR  OFF-SITE  ANALYSES: 
1 4  Mv  I  MICROSEEPS  Dissolved  Hydrogen  Vials  (  mL) 


15  M- 


Notes/Comments/Other: 


9  A&  *io  Vfl 


ON-SITE  SAMPLE  TREATMENT: 

16  &  NONE 

17  [  ]  [  ]  FILTRATION: 

[  ]  PRESERVATIVES 

CONTAINER  HANDLING: 

1 8  Container  Sides  Labeled 

1 9  [  ]  Container  Lids  Taped 


MethodL 

Method 


Containers:^ 

Containers: 


OTHER  COMMENTS: 

'll)  =  1°)  i e^L _ 

,  LoSk  Co  *2- 

<1  V 

- 0  i  U 
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PARSONS  ENGINEERING  SCIENCE,  INC. 


England  Air  Force  Base 
Rapides  Parish,  Louisiana 


Monitoring  Well  Latitude/ 

Designation  Longitude 


State  Plane  Top  of  Casing  Elevation 

Coordinates 

(NAD  27) 
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1/28/99 
Revised  6/16/99 


PARSONS  ENGINEERING  SCIENCE,  INC. 


England  Air  Force  Base 

Rapides  Parish,  Louisiana 

Monitoring  Well 
Designation 

Latitude/ 
Longitude 
(NAD  27) 

State  Plane 
Coordinates 

Top  of  Casing  Elevation 

A39L008PZ 

31°19'39.0" 

92°32'07.r 

N=240376.0378 
E= 1988975.471 

85.19  | 

A39L008DP 

31019'43.7" 

92°32'16.7" 

N  *=240850.7268 

E«  1988138.782 

83.38 

A39L001PZ 

31°19'43.6" 

92°32'16.9" 

N =240843 .7584 

E= 1988122.671 

83.11 

1 

BKGL039MW 

31°19’37.8” 

92°32’19.2" 

N= 240260. 0921 

E= 1987925. 192 

83.30 

1 

Pan  American  Engineers 

P.O.  Box  89 

Alexandria,  Louisiana  71309-0089  Page  2  of  2  1/28/99 

TOTAL  P.04 


PARSONS  ENGINEERING  SCIENCE,  INC. 


England  Air  Force  Base 
Rapides  Parish,  Louisiana 


Monitoring  Well  Latitude/  State  Plane  Top  of  Casing  Elevation 

Designation  Longitude  Coordinates 

(NAD  27) 


PARSONS  ENGINEERING  SCIENCE,  INC. 


England  Air  Force  Base 
Rapides  Parish,  Louisiana 


Monitoring  Well 
Designation 

Latitude/ 

Longitude 

State  Plane 
Coordinates 
(NAD  27) 

Top  of  Casing  Elevation 

MW-12 

31°19'36.2" 

92°32'17.9" 

N =240028.6456 
E= 1988082.9627 

87.35  | 

MW-13 

31°19'40.8" 

92°32'11.2" 

N =24049 1.5534 
E=  1988661.2809 

87.38  | 

MW-14 

31°19'39.8" 

92°32'15.7" 

N= 240393. 7464 
E= 1988274.3133 

86.31  | 

MW-15 

31°19'39.7" 

92°32'15.9" 

N =240384. 1721 
E=  1988258.4773 

86.77  | 

MW-16 

31°19'46.7" 

92°32’17.1" 

N  =241095 .7838 
E=  1988156.4034 

81.56  | 

MW-17 

31°19'46.9" 

92°32'12.9" 

N=241116.2153 
E= 1988517.5491 

83.93  | 
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P.O.  Box  89 

Alexandria,  Louisiana  71309-0089 
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•  Pan  American  Engineers 
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8/17/99 

Rtwised  ft/1R/QQ 

TOTAL  P.32 


A  Waste  Management  Company  ••  -  ^  '  7  * 

NON-HA2ARDOUSl^M/iWiFEST10:  i6 


Generator  i  i  S  A i<L  V^os^  ATT  M '  U^t\  EPA 

Address  jjjl  Prp1^6_r  t  _ _ _ 


I.D.#_ 


Z-A^iTl-Z.\ZMH^-Z_ 


A^<-kw  ~rx  ^a^-zss-q - 


Phone  r<Ttx\  3fe4-.S-4^  e.^  IS 


Shipping  Location  £vio  UwA _ fifir-  fW-V 

Address  AI-Qta'Aijlr'ic.  .  Lo _ 


P*orve  ^H-VSlO 


Description  of 
Waste  Materials 


industrial 
Waste  Code# 


Profile 

Number 


T^rc~V  (.Sc?.  l\ 


OH 


ftT2^3 


2<3v/ci  l~bM~A*^ 


I  hereby  certify  that  the  above-described  materials  are  not  hazardous  wastes  as  defined  by  40  CFR,  Part  261  or  any  applicable 
state  law  or  regulation,  have  been  fully  and  accurately  described,  classified  and  packaged,  and  are  in  proper  condition  for  transpor¬ 
tation  according  to  applicable  law  and  regulations.  n 

S~VuV^hVuv^\e-i  i 

I  Generator  At/morized  Agent  Name  (Print)  Signature 


Transporter  Name  .  \\hp 

Lfl-b  <^9. 1^^133 


jj  Delivery  Date 

E3MHM 

Driver  Name  (Print)  fYl?  / 


Address 


\5lfl  (  _ — 


Af mG^n;g,  Lh  35^ 


Truck  Number 
Truck  Type 


~^700. _ 

(bjl  ( 


I  hereby  acknowled' 
for  transport  from 


I  hereby  acknowledge  that  the  above-described  materiais  were 
received  from  the  iterator  shipping  location  and  were 
transported  without/ncident  to  the  destination  listed  below. 


Site  Name  LaSallG/Granb  Landfill _ 

A  .  .  9  miles  N.  of  Jena  Hwy  127 

Address  .  - - - - - - 


LADEQ  Facility  *  D-059-1658 


Jena,  LA  71342 


Disposal  Location:  North 


East 


LADEQ  Permit  #  P-0119  Rl 

Phone  Number. 

Level 


318-992-5571 


hereby  acknowledge  receipt  of  the  above-described  materiais. 

QjkLstk  *£  SMj T&f - 

Name  of  Authorized  Agent  (Print) 


White  -  Original 


Agent  (Print) 

Canary  -  Disposer  Retain 


Signature 
Pink  -  Transporter  Retain 


o/ar  m 


*  Receipt  Date 


Goldenrod  -  Generator  Retain 


A  Waste  Management  Company 

non-hazardous 


iBIiWFik#1 1!:-2 


Generator 

Address 


Phone 


Description  of 
Waste  Materials 


Phone 


Industrial 
Waste  Code# 


Profile 

Number 


'U'J  -  i^io 


Total 

Quantity 


jj:S° 

0199" 


Unit  of 
Measure 


Container 

Type 


BT3**3 


lo  mol  Cdll-trf 


I  hereby  certify  that  the  above-described  materials  are  not  hazardous  wastes  as  defined  by  40  CFR,  Part  261  or  any  applicable 
state  law  or  regulation,  have  been  fully  and  accurately  described,  classified  and  packaged,  and  are  in  proper  condition  for  transpor- 
_  tation  according  to  applicable  law  and  regulations.  •  .  \)  /  1/  fl 

#  SWWvju,.,  ,  AlftW  lac _  frPVk  U  . 

1  Generator  Authorized  Agent  Name  (Print)  Signature  j  Delivery  Date 


Driver  Signature 


Shipment  Date  |  Driver  Signature 


Delivery  ^Oate 


DESTINATION 


Site  Name  LaSalle/Grant  Landfill _ _ 

.  . .  9  miles  N*  of  Jena  Hwy  127 

Address - - - — - - 

Jena,  LA  71342 


LADEQ  Facility  *  D  Q59~16l° _ 

LADEQ  Permit  #  P-0119  PI 

Phone  Number  318-992-5571 


Disposal  Location:  North _ tasi - 

I  hereby  acknowledge  receipt  of  the  above-described  materials 


Name  of  Authorized  Agent  (Print) 

White  -  Original  Canary  -  Disposer  Retain 


Signature 
Pink  -  Transporter  Retain 


Receipt  Date 

Goldenrod  -  Generator  Retain 


A  Waste  Management  Company  1999  AUG  10  All  10  16 

NON-HAZARDOUS  MANIFEST 


io:s% 

0200 


GENERATOR 


Generator  M<-  i-yctc.  Qou» :  Af4n  s.  tak^-f-lgy 
Address  P-ig  h-fey  thrive. _ _ 

_ /Wkft,  Tft 

Phone 


EPA 

I.D.#  ... LA 


Shipping  Location  A-’r  PorAl 

Address - /yUjca-^oa  ,  Lo. _ 


PWo  CSo^ 


Description  of 
Waste  Materials 


industrial 
Waste  Code# 


Profile 

Number 


Total 

Quantity 


Unit  of 
Measure 


Container 

Type 


0)4 


fe.T3n3/^: 


/O 


y4-i 


j/ol  rolh*Q 


s± 


ms 


I  hereby  certify  that  the  above-described  materials  are  not  hazardous  wastes  as  defined  by  40  CFR,  Part  261  or  any  applicable 
state  law  or  regulation,  have  been  fully  and  accurately  described,  classified  and  packaged,  and  are  in  proper  condition  for  transpor* 
tation  according  to  applicable  law  and  regulations.  0  4  1/  fl 


,  j  •  r~  r - - - — 

rfl  i  AlfKfcftlbc 

l  Generator  Authorized  Agent  Nai 


Agent  Name  (Print) 


Oelivery  Date 


TRANSPORTER  | 

Transporter  Name  //y 

Driver  Name  (Print)  JL?c-.^'srJ  A  >  Jt?L- 

Truck  Number  / SsQ 

Address  gSlul') 

7 jy  .  . .  .  -  . 

Truck  Type  /K* n /£?) 

rr~?4S'  \ 

1  hereby  acknowledge  that  the  above-described'materials  were 
received  from  the  generator  shipping  location  and  were 
transported  without  incident  to  the  destination  listed  below. 

1  hereby  acknowledge  receipt  of  the  above-described  materials 
for  transport  from  the  generator  shipping  location  listed  above. 

— - 1 7J^ 

Driver  Signature  Shipment  Date 

Driver  Signature  '  Delivery  bate 

DESTINATION  j 

Site  Name 
Address  _ 


LaSalle/Grant  Landfill 


9  miles  N.  of  Jena  Hvy  127 


Jena,  LA  71342 


LAOEQ  Facility  »  D-059-1658 
LAOEQ  Permit  #  P-0119  R1 

Phone  Number. 


318-992-5571 


Disposal  Location:  North 


East 


Level  JLOsrSsg  (Wu 


thereby  acknowledge  receipt  of  the  above-described  materials. 


VMJinM  ..L-Sm  1.TT4 

Name  of  Authorized  Agent  (Print) 


‘rcuj^y. 


eceipt  Date 


White  -  Original 


Canary  -  Disposer  Retain 


Pink  -  Transporter  Retain 


Goldenrod  -  Generator  Retain 
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APPENDIX  D 


PROPERTIES  OF  CHEMICALS  OF  POTENTIAL  CONCERN 

AND 

THEIR  MOVEMENT  AND  FATE  IN  THE  ENVIRONMENT 


The  risk-based  paradigm,  established  by  the  U.S.  EPA  as  part  of  the  Superfund 
program,  consists  of  four  basic  technical  elements  that  progress  logically  to  a  quantitative 
evaluation  of  the  site-specific  risks  to  human  health  and  the  environment.  The  elements 
required  for  risk-based  site  assessments  are: 

•  Hazard  identification, 

•  Exposure  assessment, 

•  Toxicity  assessment,  and 

•  Risk  characterization. 

Hazard  identification  consists  of  identifying  the  site-specific  constituents  of  potential 
concern  and  contaminated  media  that  represent  potential  threats  to  human  health  and  the 
environment.  This  identification  is  accomplished  by  reviewing  the  available  site 
characterization  information,  and  evaluating  the  hazard  potential  of  detected  constituents, 
based  on  their  known  effects  to  human  and/or  environmental  receptors.  This  evaluation 
establishes  the  list  of  constituents  of  potential  concern  that  will  form  the  basis  for 
subsequent  risk-based  analysis. 

The  exposure  assessment  is  used  to  develop  an  understanding  of  the  movement  of 
constituents  of  potential  concern  from  contaminated  media  at  the  site,  through  the 
environment,  to  a  point  of  contact  with  human  or  environmental  receptors.  Site-specific 
factors  examined  in  the  exposure  assessment  include  identification  of  contaminated 
media,  evaluation  of  the  physical  and  chemical  properties  controlling  the  occurrence, 
movement  and  fate  of  site-related  constituents  in  the  environment,  and  a  qualitative 
assessment  of  the  rates  and  directions  of  chemical  migration.  General  considerations 
governing  the  movement  and  fate  of  site-related  constituents  in  the  environment  are 
discussed  in  this  section. 

The  toxicological  effects  of  site-related  constituents  and  contaminated  media  on 
potential  receptors  are  evaluated  as  part  of  the  toxicity  assessment.  The  effects  of 
concern  include  acute  and  chronic  effects,  and  address  both  carcinogenic  and  non- 
carcinogenic  toxicological  endpoints.  This  information  is  used  to  estimate  the 
toxicological  effect  to  a  receptor  that  could  result  from  a  specific  intake  (“dose”)  of  the 


D-l 
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constituent.  Risk  characterization  integrates  the  information  from  the  hazard 
identification,  exposure  assessment,  and  toxicity  assessment  to  develop  a  quantitative 
evaluation  of  the  risk  associated  with  a  site.  The  risk  characterization  thus  begins  with 
the  identification  of  site-related  constituents,  projects  their  release  and  movement  in  the 
environment,  estimates  their  uptake  by  potential  human  and  environmental  receptors,  and 
evaluates  the  possible  toxicological  effects  of  these  chemical  “doses”  on  receptors  as  a 
measure  of  potential  risk 

Consideration  of  the  physical  and  chemical  properties  of  the  chemicals  of  potential 
environmental  concern  is  critical  in  evaluating  the  fate  of  those  chemicals  in  the 
environment,  and  the  possible  range  in  performance  of  various  remedial  alternatives 
(Nyer  and  Skladany,  1989).  A  general  review  of  the  properties  of  the  volatile  organic 
chemicals  that  have  been  detected  in  groundwater  beneath  Site  SS-45,  England  AFB,  is 
therefore  appropriate. 

D1.0  CHEMICAL  STRUCTURE  AND  ITS  INFLUENCE  ON  CHEMICAL 
PROPERTIES 

Dl.l  Organic  Compounds  at  Site  SS-45,  England  AFB 

Several  volatile  organic  compounds,  including  the  volatile  halogenated  organic 
compounds  TCE,  the  isomers  of  DCE,  DCA,  and  vinyl  chloride,  and  the  volatile  aromatic 
compounds  benzene,  toluene,  ethylbenzene,  and  xylene  isomers  (BTEX  compounds), 
have  been  detected  in  groundwater  beneath  Site  SS-45,  England  AFB.  These  chemicals 
have  been  detected  at  concentrations  judged  to  be  above  background  and  are  considered 
to  be  site-related  at  Site  SS-45,  as  a  probable  consequence  of  historic  activities  on  the 
facility.  The  volatile  organic  compounds  that  have  been  detected  are  of  two  general 
types:  organic  solvents,  and  constituents  of  petroleum  fuels. 

Organic  Solvents 

Various  types  of  industrial  solvents  are  typically  used  for  cleaning  and  degreasing, 
paint  thinning,  and  adhesive  mixing.  Solvents  generally  consist  of  volatile  organic 
compounds,  together  with  an  inert  base.  These  are  mixed  in  varying  proportions 
depending  on  specific  applications.  The  compounds  that  have  been  identified  in 
groundwater  at  Site  SS-45,  including  TCE,  1,1-DCA,  1,1-DCE,  cis-l,2-DCE,  and  trans- 
1,2-DCE,  are  generally  considered  to  be  constituents  of  solvents  (Howard,  1990b). 

Petroleum  Distillate  Fuels 


Petroleum  fuels  are  distillates  of  crude  petroleum  comprising  a  complex  mixture 
predominantly  composed  of  paraffins,  cycloparaffins  and  aromatic  groups,  together  with 
other  minor  constituents  added  as  octane  enhancers,  or  to  improve  evaporation  and 
condensation  characteristics  of  the  fuel.  The  aromatic  BTEX  compounds  are  primary 
constituents  of  petroleum-  distillate  fuels,  and  are  chemicals  of  potential  environmental 
concern  in  fuels  because  they  are  relatively  toxic,  and  can  be  mobile  in  the  environment 
(California  Department  of  Health  Services,  1988). 

Nearly  all  organic  chemicals  are  products  or  byproducts  of  the  refining  and  processing 
of  crude  petroleum.  Petroleum  hydrocarbon  compounds  are  composed  of  carbon  and 
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hydrogen  atoms,  arranged  into  an  almost  infinite  number  of  discrete  molecules.  These 
molecules  are  classified  as  alkanes,  alkenes,  and  aromatic  hydrocarbons,  on  the  basis  of 
their  structure. 

Halogenated  hydrocarbon  compounds  are  composed  primarily  of  carbon  and  hydrogen 
atoms,  arranged  into  an  almost  infinite  number  of  discrete  molecules,  with  one  or  more 
halogen  atoms  (usually,  chlorine,  bromine,  or  fluorine),  attached  to  the  hydrocarbon 
structure  as  a  functional  group  (Dickerson  et  al.,  1970).  Alkanes  contain  only  carbon- 
carbon  single  bonds,  while  alkenes  contain  carbon-carbon  double  bonds,  which  tend  to 
increase  the  polarity  and  solubility  of  the  molecule  (Schwarzenbach  et  al.,  1993).  Aro¬ 
matic  hydrocarbon  compounds  are  based  on  the  benzene  ring  structure,  with  conjugated 
carbon-carbon  double  bonds,  which  imparts  some  unique  properties.  The  monoaromatic 
compounds  (benzene,  toluene,  ethylbenzene,  and  xylene  isomers),  are  very  soluble  in 
water,  as  compared  with  most  alkanes  and  alkenes.  Their  high  solubility  causes  aromatic 
compounds  to  be  quite  mobile  in  the  environment  (Zemo  et  al.,  1995). 

The  number  of  carbon  atoms,  the  nature  of  the  carbon-carbon  bonds,  and  the  number 
of  halogen  functional  groups  in  a  halogenated  hydrocarbon  compound  have  major  effects 
on  its  properties  (Nyer  and  Skladany,  1989;  Schwarzenbach  et  al.,  1993).  Halogenated 
hydrocarbons  are  nonelectrolytes,  in  that  they  do  not  dissociate  into  cations  and  anions  in 
aqueous  solution,  but  rather  dissolve  as  neutral  species.  Halogen  functional  groups,  and 
alkene  bonds,  increase  the  polarity  of  halocarbon  molecules;  and  the  halogen  functional 
groups  associate  with  water  molecules  by  hydrogen  bridging,  which  increases  the 
solubility  of  polar  nonelectrolytes,  as  compared  to  non-halogenated  hydrocarbons  of 
similar  structure  (Luckner  and  Schestakow,  1991).  Halocarbon  solubility  rapidly 
decreases  as  the  number  of  carbon  atoms,  and/or  the  number  of  halogen  atoms  in  the 
compound  increase(s);  vapor  pressures  also  decrease  as  carbon  or  halogen  numbers 
increase.  High  vapor  pressures  indicate  that  a  compound  is  readily  volatilized;  low  vapor 
pressures  are  associated  with  chemicals  that  are  semi-volatile  or  non-volatile.  For  all 
classes  of  halogenated  hydrocarbons,  aqueous  solubility  decreases,  and  the  tendency  of 
the  hydrocarbon  compound  to  sorb  to  soil  particles  (or  "partition"  to  soil),  increases  as 
the  number  of  halogen  atoms  and  molecular  weight  increase  (Schwarzenbach  et  al., 
1993).  A  summary  of  all  the  volatile  organic  compounds  that  have  been  detected  in 
groundwater  at  Site  SS-45,  England  AFB,  together  with  the  chemical  properties  of  each 
compound,  that  influence  its  mobility  in  the  environment,  is  presented  in  Table  D.l. 

D1.2  Exposure  Pathways  and  Routes  of  Chemical  Migration 

As  described  in  the  Superfund  Public  Health  Evaluation  Manual  (U.S.  EPA,  1986),  an 
exposure  pathway  consists  of  four  necessary  elements: 

1 .  A  source  and  mechanism  of  chemical  release  to  the  environment; 

2.  An  environmental  transport  medium  for  the  released  chemical; 

3.  A  point  of  potential  contact  for  human  or  environmental  receptors  with  the 
contaminated  medium  (referred  to  as  the  exposure  point);  and 

4.  A  receptor  exposure  route  at  the  exposure  point. 
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An  exposure  pathway  is  complete  when  all  four  elements  are  present  and  is 
incomplete  when  elements  are  missing.  Exposure  estimates  can  only  be  calculated  for 
completed  exposure  pathways. 

Two  general  pathways  -  surface  pathways  and  subsurface  pathways  -  can  function  as 
potential  routes  of  chemical  migration  from  source  areas  to  other  media,  and/or  to 
potential  receptors.  Surface  transport  mechanisms  can  include  surface-water  runoff; 
entrainment  and  transport  of  soil  (as  sediment)  during  precipitation  events;  overland  flow 
from  springs  and  seeps;  airborne  transport  of  fugitive  dusts,  aerosols,  or  vapors;  and 
anthropogenic  transport  (e.g.,  excavation  and  removal  of  soil).  Subsurface  transport 
mechanisms  can  include  movement  of  site-related  constituents  as  a  free  phase  (“non- 
aqueous  phase”),  as  a  dissolved  phase  in  infiltrating  precipitation,  or  in  water  within  the 
saturated  zone;  and  as  a  vapor  phase  in  unsaturated  pore  spaces. 

The  four  environmental  media  in  which  transport  of  site-related  constituents  can 
occur,  potentially  resulting  in  exposure  of  susceptible  populations  to  chemicals,  are 
groundwater,  surface  water  and  sediment,  soil,  and  air.  Numerous  factors  can  affect  the 
migration  and  potential  bioavailability  of  chemicals,  including: 


Groundwater 

Surface  Water  and  Sediment 

Direction  of  flow 

Gradient 

Hydraulic  conductivity 
Chemical  partitioning 

Flow  velocity 

Slope 

Discharge  rate 

Sediment  load 

Soil 

Air 

Chemistry  of  soil 

Degree  of  saturation 
Chemical  partitioning 

Temperature 

Wind  velocity 

Chemical  volatility 

The  results  of  intensive  site  investigations  indicate  that  groundwater  is  the  only 
environmental  medium  at  Site  SS-45  that  has  been  adversely  affected  by  volatile  organic 
chemicals  (Section  4  of  the  CMS  report).  Despite  extensive  sample-collection  programs, 
no  discrete  sources  of  volatile  organic  chemicals  in  soil  have  been  identified;  and  the 
depth  to  groundwater  and  stratigraphic  position  of  water-bearing  units  (the  Intermediate 
and  Deep  Sand  units)  beneath  an  extensive,  surficial  clay  indicates  that  volatilization  to 
the  atmosphere  is  probably  not  an  important  fate  mechanism  for  chemicals  at  Site  SS-45. 
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TABLE  D.l-1 

PROPERTIES  OF  SELECTED  ORGANIC  COMPOUNDS 

SITE  SS-45 
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The  general  physical  and  chemical  characteristics  governing  the  movement  and  fate  of 
constituents  of  potential  concern  in  groundwater  are  detailed  in  the  following  sections. 

D1.3  Physico-Chemical  Transport  and  Attenuation  Mechanisms 

Several  transport  processes  control  the  physical  movement  of  chemicals  through  soils, 
as  non-aqueous  phase  liquid  (NAPL),  dissolved  (aqueous)  phase,  and  sorbed  (solid) 
phase.  When  initially  released  to  the  subsurface  environment,  petroleum  hydrocarbons 
and  organic  solvents  are  usually  in  the  NAPL  (oil)  phase.  Once  a  chemical  has  been 
introduced  into  the  environment,  it  interacts  with  the  surrounding  soils.  The  major 
processes  affecting  chemicals  in  the  subsurface  include  sorption  to  soil,  diffusion, 
dissolution,  chemical  and  biological  degradation,  and  volatilization  (Nyer  and  Skladany, 
1989). 

Under  particular  conditions,  chemicals  can  exist  in  the  environment  in  any  of  four 
different  phases  -  as  pure  compound  or  in  a  chemical  mixture;  dissolved  in  water;  sorbed 
to  soil  particles;  or  as  a  vapor.  The  degree  to  which  a  particular  chemical  is  segregated 
among  these  phases,  under  specified  conditions  of  temperature,  pressure,  and  moisture 
content,  in  a  particular  soil  matrix,  is  known  as  partitioning.  Two  basic  types  of 
partitioning  are  significant  when  evaluating  the  fate  and  transport  of  most  chemical 
compounds.  The  first  is  partitioning  of  a  single  compound  from  a  pure  chemical  phase  or 
chemical  mixture  into  air  and/or  water  (e.g.,  partitioning  of  BTEX  constituents  from  free- 
phase  fuel  oil  into  water  in  the  unsaturated  zone).  After  removal  from  the  pure  chemical 
phase  or  chemical  mixture,  compounds  dissolved  in  water  or  present  in  the  vapor  phase 
will  partition  among  the  three  phases  in  the  subsurface  environment,  becoming  dissolved 
in  water,  sorbed  to  soil,  or  volatilized  in  soil  gas.  The  partitioning  of  a  particular 
compound  among  the  three  phases,  and  its  subsequent  migration  and  fate  in  the 
environment,  depends  on  its  chemical  properties  (Jury  et  al.,  1983),  including: 

•  Solubility  of  the  compound  in  water; 

•  Chemical  air-gas  diffusion  coefficient  (related  to  the  chemical’s  volatility); 

•  Chemical  water-liquid  diffusion  coefficient; 

•  Chemical  organic-carbon  partition  coefficient; 

•  Henry’s  Law  constant  for  the  chemical;  and 

•  Rate  of  chemical  decay. 

Subsurface  transport  of  chemicals  as  NAPL,  dissolved-phase,  or  vapor-phase,  like 
movement  of  any  liquid  in  the  subsurface,  is  driven  by  potential  gradients  -  gravitational, 
hydraulic,  or  chemical.  In  the  unsaturated  zone,  gravitational  and  hydraulic  potential 
gradients  are  primarily  vertical,  so  that  the  direction  of  movement  is  generally  downward. 
In  most  situations,  NAPLs  denser  than  water  will  migrate  through  the  soil  in  the 
unsaturated  zone  until  they  reach  the  capillary  fringe,  (in  which  the  soil  is  fully  saturated, 
but  hydrostatic  pressure  is  less  than  atmospheric  pressure)  above  the  water  table.  At  that 
point,  the  NAPL  spreads  until  sufficient  pressure  (NAPL  head)  develops  to  enable  the 
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liquid  to  penetrate  the  capillary  fringe  and  migrate  to  the  water  table  (Mallon,  1989).  As 
water  percolates  through  the  unsaturated  zone,  chemicals  present  as  non-aqueous  phase,  a 
sorbed  phase,  or  a  vapor  phase,  can  be  dissolved  and  migrate  with  the  infiltrating  water  to 
the  water  table.  Dissolved  constituents  are  carried  downward  in  percolating  water 
("advective  transport").  Volatilized  compounds  move  in  response  to  chemical 
concentration  gradients  between  soil  moisture  and  air-filled  pore  spaces  ("diffusive 
transport").  If  the  relative  vapor  density  of  the  volatile  phase  is  greater  than  that  of  air, 
some  chemical  migration  in  the  vapor  phase  may  be  downward  (Mallon,  1989).  In 
general,  however,  vapor-phase  migration  is  from  the  subsurface  to  the  atmosphere. 

The  transport  rate  of  dissolved  constituents  in  the  unsaturated  zone  depends  primarily 
on  the  permeability  of  the  soil,  its  water  content,  and  the  concentrations  of  dissolved 
chemicals  in  percolating  water.  The  transport  of  volatilized  compounds  in  the 
unsaturated  zone  depends  primarily  on  the  permeability  of  the  soil,  its  water  content,  and 
the  ambient  air  temperature  and  barometric  pressure.  Below  the  water  table,  there  are  no 
continuous  air-filled  pores,  and  vapor-phase  transport  does  not  occur.  Depending  on  local 
conditions,  the  primary  mechanism  by  which  dissolved  constituents  migrate  in  the 
saturated  zone  is  usually  advective  transport,  and  the  direction  and  rate  of  advective 
transport  are  controlled  primarily  by  the  hydraulic  conductivity  of  the  soil,  and  local 
hydraulic  gradients  (Neff  et  al.,  1994;  Reilly  et  al.,  1987;  U.S.  EPA,  1989a).  However, 
under  conditions  of  very  low  groundwater  flow  velocities,  such  as  appear  to  occur  at  Site 
SS-45,  England  AFB,  chemical  diffusive  migration,  driven  by  chemical  concentration 
gradients,  and  controlled  primarily  by  site-specific  chemical  diffusion  coefficients,  is  the 
primary  transport  mechanism  in  the  subsurface  (Gillham  and  Cherry,  1982). 

The  physico-chemical  mechanisms  governing  the  migration  of  contaminants  in  the 
subsurface  at  Site  SS-45  include  volatilization,  dissolution,  dispersion,  diffusion,  and 
sorption.  Examination  of  the  chemical  properties  that  control  these  mechanisms 
(volatility,  solubility,  and  solid/liquid  partitioning)  with  respect  to  current  conditions  in 
the  physical  environment  can  assist  in  predicting  how  site-related  chemicals  will  interact 
with  the  environment,  and  how  site  conditions  might  influence  the  fate  of  the 
contaminants  of  potential  concern.  Representative  chemical  properties  for  the  identified 
site-related  contaminants  are  summarized  in  Table  D.l.  (Note  that  the  literature  values, 
reported  by  different  workers,  for -a  particular  chemical  property  can  vary  widely.  The 
values  listed  in  Table  D.l  represent  chemical  property  values  judged  to  be  most 
representative,  or  are  in  the  median  range  of  values  reported  for  a  particular  chemical.) 

Dl.3.1  Volatility 

Volatilization  is  the  process  by  which  a  constituent  is  converted  from  a  solid  or  liquid 
phase  to  vapor,  ultimately  resulting  in  transfer  of  the  chemical  to  the  atmosphere.  The 
volatility  of  a  particular  chemical  is  a  function  of  that  chemical’s  vapor  pressure  and 
Henry’s  Law  constant.  The  vapor  pressure  of  a  substance  at  a  reference  temperature  is 
the  pressure  exerted  by  the  vapor  phase  of  the  substance  in  equilibrium  with  the  liquid  or 
solid  phase  of  the  substance,  at  that  temperature.  A  chemical  with  a  high  vapor  pressure 
has  a  greater  tendency  to  volatilize  to  the  atmosphere  than  does  a  chemical  with  a  low 
vapor  pressure.  The  Henry’s  Law  constant  is  a  measure  of  the  relative  tendency  of  a 
chemical  to  move  between  the  dissolved  phase  and  vapor  phase,  and  is  a  function  of  the 
vapor  pressure  and  solubility  of  the  chemical.  A  chemical  with  a  high  Henry’s  Law 
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constant  will  have  a  high  ratio  of  chemical  concentration  in  the  vapor  phase  compared 
with  that  chemical’s  concentration  in  the  dissolved  phase,  and  again  will  be  more  likely 
to  volatilize  to  the  surrounding  atmosphere. 

Dl.3.2  Solubility 

The  aqueous  solubility  of  a  chemical  species  provides  an  indication  of  how  readily 
that  particular  chemical  could  dissolve  into  and  migrate  with  groundwater.  Volatile 
organic  compounds  (e.g.,  the  BTEX  constituents)  are  moderately  soluble,  as  a 
consequence  of  their  molecular  structure;  and  the  attached  chlorine  atoms  confer  a 
moderate  degree  of  solubility  on  substituted  hydrocarbon  compounds. 

Constituents  having  moderate  to  high  solubilities  may  be  available  for  transport  as  a 
dissolved  phase  in  the  subsurface.  The  less  soluble  chemicals  will  become  absorbed  or 
occluded  in  soil,  and  are  unlikely  to  migrate  with  infiltrating  vadose-zone  water,  or  in 
groundwater. 

Dl.3.3  Solid/Liquid  Partitioning 

The  rate  of  migration  of  a  chemical  in  the  subsurface  also  depends  on  the  tendency  of 
that  chemical  to  partition  between  the  dissolved  (in  water)  and  solid  phases  (on  soil 
particles).  Partitioning  of  a  chemical  between  the  dissolved  phase  and  solid  phase  is 
commonly  referred  to  as  soil  adsorption  (“sorption”),  and  is  quantified  by  the  soil 
partition  coefficient  or  distribution  coefficient  (Kd),  which  is  the  proportionality  constant 
relating  the  amount  of  chemical  sorbed  to  soil  and  the  concentration  at  equilibrium  in  soil 
water  (McCall  et  al.,  1983): 


C sorbed  K  d  ^  Cdissolved 


(D-l) 


where 

Csorbed  =  Concentration  of  chemical  sorbed  to  soil  [M/L3]; 

Kd  =  Soil  partition  coefficient  [L3/M] ;  and 

CdissoM  =  Concentration  of  chemical  in  adjacent  soil  water,  at  equilibrium  with 
sorbed  phase  in  soil  [M/L3] . 

This  description  of  the  process  assumes  that  partitioning  between  the  sorbed  and 
dissolved  phases  is  completely  reversible,  and  that  the  equilibrium  isotherm  relating  the 
relative  concentrations  in  the  two  phases  is  linear  (Neff  et  al.,  1994;  Lyman  et  al.,  1990). 

Soils  are  extremely  heterogeneous  mixtures  of  different  particle  types,  composition, 
and  sizes.  Because  of  this  heterogeneity,  the  partition  coefficient  for  a  particular 
chemical  is  usually  regarded  as  a  site-specific  property,  and  is  likely  to  vary  substantially 
with  location,  depending  on  the  chemical  composition  and  grain-size  distribution  of  the 
soil  used  for  determination  of  the  partition  coefficient.  However,  sorption  studies  on  a 
wide  variety  of  nonpolar  organic  compounds  and  soil  and  sediment  types  indicate  that 
organic  matter  in  soil  controls  sorption  where  there  is  sufficient  organic  matter  present 
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(more  than  about  0.1  percent  organic  carbon).  This  observation  has  been  used  as  the 
basis  for  normalizing  the  linear  partition  coefficient  to  the  concentration  of  total  organic 
carbon  in  the  soil  (Karickhoff  et  al.,  1979;  Karickhoff,  1981).  The  normalized  partition 
coefficient  for  a  particular  chemical  (Koc)  is  calculated  from  the  results  of  sorption 
studies,  using 

Kd 

Koc  ~  —  (D-2) 

where 

Koc  =  Organic  carbon  partition  coefficient  [L3/M];  and 
foc  =  Fraction  of  organic  carbon  in  the  soil  [  ]. 

If  the  organic  carbon  content  of  a  particular  soil  is  known  or  can  be  estimated,  the 
fraction  of  organic  carbon  can  be  used,  together  with  published  values  of  organic  carbon 
partition  coefficients  (Table  D.l)  to  evaluate  chemical  partitioning,  using 


Kd  =  foc  x  Koc 


(D-3) 


All  hydrocarbon  compounds,  and  most  other  chemicals,  sorb  to  soil  to  a  greater  or 
lesser  degree;  the  fraction  of  sorbed  hydrocarbons  increases  as  the  concentration  of 
organic  carbon  in  the  soil  increases.  Chemicals  having  larger  values  of  partition 
coefficients  will  be  more  strongly  adsorbed  to  soil,  and  less  mobile  in  the  environment 
(Nyer  and  Skladany,  1989).  Most  fuel  constituents  and  organic  solvents  have  relatively 
large  partition  coefficient  values  (Table  D.l),  are  strongly  sorbed  to  soil  particles,  and 
travel  only  slowly  in  the  dissolved  (aqueous)  phase. 

D2.0  FATE  OF  CHEMICALS  OF  POTENTIAL  CONCERN  IN  THE 
ENVIRONMENT 

D2.1  Volatilization 

In  many  circumstances,  low-molecular-weight  compounds  will  volatilize  (evaporate) 
in  the  vadose-zone  and  diffuse  upward  in  soil  gas.  Included  in  this  category  are  volatile 
and  volatile  substituted  hydrocarbon  compounds,  alkanes  up  through  dodecane,  and 
aromatic  and  substituted  aromatic  compounds  through  naphthalene  (Neff  et  al.,  1994). 
The  rates  of  volatilization  of  different  hydrocarbons  are  directly  proportional  to  their 
vapor  pressures. 

Because  all  volatile  organic  chemicals,  including  TCE,  the  DCE  isomers,  and  vinyl 
chloride,  have  relatively  high  vapor  pressures  (Table  D.l),  volatilization  is  perhaps  the 
most  important  fate  mechanism  removing  these  chemicals  from  the  unsaturated 
environment  near  land  surface.  However,  once  a  chemical  has  been  dissolved  in  water, 
its  potential  for  volatilization  from  the  saturated  zone  in  the  subsurface  is  limited,  because 
vapor  transfer  across  the  capillary  fringe  can  be  very  slow  (McCarthy  and  Johnson, 
1992).  For  example,  Chiang  et  al.  (1989)  demonstrated  that  less  than  5  percent  of  the 
mass  of  dissolved  BTEX  is  lost  to  volatilization  in  the  saturated  groundwater 
environment.  Rivett  (1995)  observed  that  for  dissolved-phase  plumes  deeper  than  about 
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one  meter  below  the  air/water  interface,  only  low  chemical  concentrations  would  be 
detectable  in  soil  gas  due  to  the  downward  movement  of  groundwater  near  the  water 
table.  This  suggests  that  very  little,  if  any,  chemical  mass  will  be  lost  to  volatilization,  in 
areas  in  which  chemicals  occur  in  groundwater  at  depths  greater  than  a  few  feet  below 
the  water  table.  The  impact  of  volatilization  is  further  diminished  by  the  presence  of  the 
Upper  Clay  unit,  and  by  clay  layers  within  the  sandy  intervals. 

D2.2  Dissolution 

Chemicals  with  higher  aqueous  solubilities  will  tend  to  dissolve  into  the  aqueous 
phase,  and  to  migrate  slowly  through  soil,  transported  by  infiltrating  vadose-zone  water, 
or  in  groundwater.  Dissolved-phase  transport  can  occur  in  either  the  unsaturated  or 
saturated  zone.  The  unsaturated  zone  extends  from  land  surface  to  the  top  of  the  water 
table,  while  the  saturated  zone  generally  includes  all  earth  material  below  the  water  table. 
Dissolved  constituents  can  enter  the  unsaturated  zone  via  infiltration  of  water  that 
contains  chemicals,  dissolved  from  an  above-ground  surface  source,  or  the  constituents 
can  become  dissolved  as  percolating  water  passes  over  a  source  of  constituents  in  soil. 

Chlorinated  solvent  constituents  are  moderately  soluble  (Table  D.l),  with  aqueous 
solubilities  ranging  from  600  milligrams  per  liter  (mg/L)  for  trans-l,2-DCE  to  about 
2,250  mg/L  (1,1 -DCE).  Therefore,  TCE  and  the  other  solvent  constituents  detected  at 
Site  SS-45  can  be  relatively  mobile  in  the  aqueous  environment,  depending  on  local 
conditions. 

D2.3  Dispersion 

Solutes  in  transit  through  a  groundwater  system  are  affected  by  hydraulic  and 
chemical  processes,  including  advection,  diffusion,  dispersion,  retardation,  and  chemical 
decay.  A  rigorous  analysis  of  chemical  transport  in  a  ground-water  system  should 
examine  the  effects  of  all  these  processes.  After  a  chemical  has  been  dissolved  in 
vadose-zone  water  or  groundwater,  it  migrates  in  the  dissolved  phase  through  the 
unsaturated  and  saturated  systems,  under  the  influence  of  local  hydraulic  and/or  chemical 
potentials.  Depending  on  local  conditions,  the  physical  laws  that  govern  fluid  motion  are 
such  that  water  tends  to  move  from  areas  of  relatively  greater  hydraulic  potential 
(“head”)  to  areas  of  relatively  lower  hydraulic  potential.  The  linear  path  along  which 
water  moves  from  a  region  of  greater  hydraulic  potential  to  a  region  of  lower  hydraulic 
potential  is  known  as  a  flowpath,  and  the  change  in  hydraulic  potential  along  that 
flowpath  is  known  as  a  hydraulic  gradient.  Movement  of  groundwater  in  a  flow  system 
therefore  occurs  from  up-gradient  areas  to  down-gradient  areas. 

Transport  of  a  chemical  in  the  dissolved  phase  is  usually  regarded  as  the  net  effect  of 
two  processes  -  advection  and  dispersion  (Gillham  and  Cherry,  1982).  Advective 
transport  is  that  component  of  movement  of  a  solute  that  is  attributable  to  the  movement 
of  the  water  in  which  it  is  dissolved.  In  other  words,  after  some  period  of  time,  a 
chemical  dissolved  in  groundwater  will  migrate  a  certain  distance  from  the  original 
source  of  the  chemical,  as  a  consequence  of  the  movement  of  water  in  the  subsurface.  In 
the  absence  of  other  effects  (e.g.,  sorption),  the  migration  velocity  of  the  center  of  mass 
of  a  dissolved  chemical  slug  is  the  average  groundwater  flow  velocity. 
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As  the  dissolved  chemical  moves  away  from  its  source,  it  is  affected  by  dispersive 
processes  -  mechanical  mixing  of  the  dissolved  chemical,  and  molecular  diffusion. 
Mechanical  mixing  occurs  because  each  molecule  of  dissolved  chemical  follows  a 
slightly  different  flowpath  through  the  pore  spaces  within  the  porous  medium;  each  also 
moves  at  a  slightly  different  velocity.  As  groundwater,  containing  dissolved  chemical, 
moves  along  its  tortuous  flowpath  in  the  subsurface,  it  tends  to  mix  with  water  that 
contains  no  chemical  (or  contains  the  chemical  at  lower  concentrations),  diluting  the 
dissolved-phase  chemical.  Molecular  diffusion,  occurring  in  the  presence  of  a  chemical 
concentration  gradient,  causes  dissolved-phase  chemical  to  migrate  from  areas  of 
relatively  higher  concentration  to  areas  of  relatively  lower  concentration.  (Because 
molecular  diffusion  operates  on  a  microscopic  scale,  and  because  diffusive  velocities  are 
generally  much  lower  than  the  advective  transport  velocity  of  dissolved-phase  chemical, 
the  effects  of  mechanical  mixing  on  chemical  distribution  most  groundwater  systems  are 
generally  much  greater  than  the  effects  due  to  chemical  diffusion.)  The  net  effect  of 
dispersive  processes  acting  on  the  dissolved  chemical  as  it  migrates  through  a  porous 
medium,  is  that  the  mass  of  chemical  becomes  distributed  through  an  ever-increasing 
volume  of  earth  material.  This  results  in  a  decrease  in  chemical  concentration  with 
increasing  distance  down-gradient  from  the  chemical  source. 

Under  particular  hydraulic  and  chemical  conditions,  molecular  diffusion  may  be  more 
important  than  mechanical  mixing  in  dispersing  a  dissolved  chemical  through  a  porous 
medium  (Gillham  and  Cherry,  1982).  The  Peclet  number,  given  as 


P 


V  ^  cl  characteristic 


p. water 
JL/ liquid 


(D-4) 


where 

P  =  Peclet  number  [  ], 

v  =  average  solution  velocity  [L/T], 


d characteristic  ~ 


pwater 
U  liquid 


some  characteristic  length  of  the  porous  medium  (usually  taken  to 
be  the  mean  grain  diameter)  [L],  and 

chemical  water-liquid  diffusion  coefficient  [L2/T], 


is  a  measure  of  the  relative  importance  of  advection  and  diffusion  in  dispersing  a 
dissolved  constituent  through  a  porous  medium.  A  physical  interpretation  of  Equation  D- 
4  suggests  that  at  low  groundwater  flow  velocities  (low  Peclet  number)  the  dispersion 
process  is  primarily  the  result  of  molecular  diffusion,  whereas  at  higher  velocities  (high 
Peclet  number)  mechanical  mixing  processes  are  more  important.  In  general,  in  systems 
having  Peclet  numbers  greater  than  about  one  (1),  advection  with  mechanical  mixing  is 
the  predominant  dispersion  process;  and  in  systems  for  which  the  Peclet  number  is  less 
than  about  0.1,  diffusion  is  the  predominant  dispersion  process  (Gillham  and  Cherry, 
1982). 
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In  order  to  estimate  the  Peclet  number,  describing  the  relative  tendency  for  molecular 
diffusive  transport  of  TCE  in  groundwater  at  Site  SS-45,  England  AFB,  we  use  the 
median  groundwater  flow  velocity  estimated  for  the  Intermediate  Sand  unit  (generally 
less  than  about  0.03  ft/day,  or  1  x  10'5  cm/second),  the  mean  grain  diameter  of  a  fine¬ 
grained  sand  (about  0.01  cm),  and  the  water-liquid  diffusion  coefficient  for  TCE  (Table 
D.l)  in  Equation  D-4.  The  value  of  the  Peclet  number  estimated  for  TCE  migration  in 
the  Intermediate  Sand  unit  is  about  0.01,  indicating  that  the  distribution  of  volatile 
organic  chemicals  in  groundwater  at  Site  SS-45,  England  AFB,  may  be  controlled 
primarily  by  chemical  diffusion  processes,  rather  than  by  advective  transport. 

D2.4  Retardation 

As  water,  containing  dissolved-phase  chemical,  moves  through  earth  materials,  the 
chemical  tends  to  partition  between  the  sorbed  and  dissolved  phases  (Section  D.l. 3. 3).  In 
most  systems,  chemical  partitioning  occurs  at  a  rate  that  maintains  chemical  equilibrium 
(as  expressed  by  the  partition  coefficient)  between  the  sorbed  and  dissolved  phases. 
Partitioning  to  the  solid  phase  tends  to  remove  a  certain  amount  of  chemical  from  the 
dissolved  phase  in  groundwater,  effectively  slowing  the  rate  of  chemical  migration,  with 
respect  to  the  rate  of  movement  of  the  groundwater  in  which  the  chemical  is  dissolved. 
This  phenomenon  is  known  as  retardation',  and  the  ratio  of  the  velocity  of  the  retarded 
chemical  to  local  groundwater  flow  velocity  is  known  as  the  retardation  coefficient  (R): 


v 

groundwater 

1  + 

'Vj 

xKd 

v 

chemical 

v«J 

where 


V groundwater  -  average  groundwater  flow  velocity  [L/T], 

Vchemicai  =  average  velocity  of  center  of  mass  of  dissolved  chemical  slug  [L/T], 


P 


unit  weight  of  porous  medium  [M/L3],  and 


ne  =  effective  porosity  of  the  medium  [  ]. 

All  the  solvent  constituents  detected  at  Site  SS-45,  with  the  exception  of  vinyl 
chloride,  have  relatively  high  organic-carbon  partitioning  coefficients  (Section  Dl.3.3), 
ranging  from  about  45  milliliters  per  gram  (mL/g)  for  cis-l,2-DCE  to  107  mL/g  (TCE; 
Table  D.l).  This  indicates  that  these  solvent  constituents  will  preferentially  sorb  to  soil; 
and  their  migration  can  be  significantly  retarded  with  respect  to  the  velocity  of 
groundwater  movement.  The  organic  carbon  partition  coefficient  for  vinyl  chloride,  on 
the  other  hand,  is  only  2.5  mL/g,  and  vinyl  chloride  is  consequently  the  most  mobile  of 
the  chlorinated  solvent  constituents  that  have  been  detected  at  Site  SS-45. 
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D3.0  CHEMICAL  AND  BIOLOGICAL  DEGRADATION 


D3.1  Biodegradation  Processes 

Nearly  all  soils  contain  colonies  of  bacteria  and  fungi  that  are  capable  of  biodegrading 
at  least  some  organic  compounds.  Soil  bacteria  and  fungi  are  tremendously  diverse,  and 
readily  adapt  to  utilizing  different  types  of  organic  molecules  as  their  sole  or 
supplemental  carbon  source  (Scow,  1990).  Many  genera  of  microorganisms  are  able  to 
completely  oxidize  saturated,  and  to  a  lesser  extent,  aromatic  hydrocarbons  and 
heterocyclic  compounds,  to  carbon  dioxide  and  water.  Although  all  organic  compounds 
found  in  petroleum-based  fuels  can  be  degraded  by  bacteria  (Dragun,  1988),  the  rates  of 
fuel  hydrocarbon  degradation  are  much  lower  under  anoxic  than  oxygen-rich  conditions 
(Nyer  and  Skladany,  1989).  Following  a  release  of  a  petroleum-derived  product  to  soil, 
different  hydrocarbon  classes  are  degraded  simultaneously,  but  at  widely  varying  rates, 
by  indigenous  microbiota.  Normal  alkanes  of  low  molecular  weight  (C-8  to  C-22)  are 
metabolized  most  rapidly,  followed  by  isoalkanes  and  higher-molecular-weight  normal 
alkanes,  olefins,  monoaromatic  compounds  (benzenes),  and  polynuclear  aromatic 
hydrocabon  (PAH)  compounds  (Howard  et  al.,  1991;  Neff  et  al.,  1994;  Park  et  al.,  1990). 

During  biodegradation,  microorganisms  transform  available  nutrients  (the  “substrate”) 
into  forms  useful  for  energy  and  cell  reproduction  by  facilitating  thermodynamically 
advantageous  reduction/oxidation  (redox)  reactions  involving  the  transfer  of  electrons 
from  electron  donors  to  electron  acceptors.  This  results  in  oxidation  of  the  electron  donor 
and  reduction  of  the  electron  acceptor.  Electron  donors  can  include  natural  organic 
material  and  anthropogenic  hydrocarbon  compounds.  Electron  acceptors  are  elements  or 
compounds  that  occur  in  relatively  oxidized  states  and  can  accept  electrons  generated 
during  substrate  oxidation.  Without  the  complete  transfer  of  electrons  to  an  electron 
acceptor,  a  substrate  cannot  be  fully  oxidized.  Electron  acceptors  commonly  occurring  in 
groundwater  include  dissolved  oxygen  (DO),  nitrate,  ferric  iron  (iron  III),  manganese, 
sulfate,  carbon  dioxide,  and  highly  chlorinated  solvents  [e.g.,  TCE,  TCA,  and 
polychlorinated  benzenes]. 

The  driving  force  of  biodegradation  is  electron  transfer,  which  is  quantified  by  the 
Gibbs  free  energy  of  the  reaction  (AG°r)  (Stumm  and  Morgan,  1981;  Bouwer,  1994; 
Godsey,  1994).  The  value  of  AG°r  represents  the  quantity  of  free  energy  consumed  (AG° 
r>0)  or  yielded  (AG°r<0)  to  the  system  during  the  reaction.  Although  thermodynamically 
favorable,  most  of  the  reactions  involved  in  biodegradation  of  fuel  hydrocarbons  or 
chlorinated  aliphatic  hydrocarbons  (CAHs)  cannot  proceed  abiotically  because  of  the  lack 
of  activation  energy.  Microorganisms  are  capable  of  providing  the  necessary  activation 
energy;  however,  they  will  facilitate  only  those  redox  reactions  that  have  a  net  yield  of 
energy  (i.e.,  AG°r  <  0).  Microorganisms  preferentially  utilize  electron  acceptors  while 
metabolizing  fuel  hydrocarbons  (Bouwer,  1992).  DO  is  utilized  first  as  the  prime 
electron  acceptor.  After  the  DO  is  consumed,  anaerobic  microorganisms  typically  use 
native  electron  acceptors  in  the  following  order  of  preference:  nitrate,  manganese,  ferric 
iron  hydroxide,  sulfate,  and  finally  carbon  dioxide.  Chlorinated  solvents  are  generally 
used  as  electron  acceptors  when  aquifer  conditions  are  such  that  sulfate  or  carbon  dioxide 
is  the  preferred  electron  acceptor. 
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In  addition  to  being  controlled  by  the  energy  yield  of  the  reaction,  the  expected 
sequence  of  redox  processes  also  is  a  function  of  the  oxidizing  potential  of  the 
groundwater.  This  potential  is  a  measure  of  the  relative  tendency  of  a  solution  or 
chemical  reaction  to  accept  or  transfer  electrons.  As  each  subsequent  electron  acceptor  is 
utilized,  the  groundwater  becomes  more  reducing,  and  the  oxidation/reduction  potential 
(ORP)  of  the  water  decreases.  The  main  force  driving  this  change  in  redox  potential  is 
microbially  mediated  redox  reactions.  ORP  can  be  used  as  an  indicator  of  which  redox 
reactions  may  be  operating  at  a  site.  Environmental  conditions  and  microbial 
competition  ultimately  determine  which  processes  will  dominate. 

In  contrast  to  fuel  hydrocarbons,  biodegradation  of  chlorinated  solvent  constituents  is 
generally  favored  by  low  dissolved  oxygen  (anaerobic  conditions)  and  reducing 
conditions  (USEPA,  1998).  Depending  on  the  types  and  concentrations  of  electron 
acceptors  present  (e.g.,  nitrate,  sulfate,  carbon  dioxide),  pH  conditions,  and  ORP, 
anaerobic  biodegradation  can  occur  by  denitrification,  manganese  reduction,  ferric  iron 
reduction,  sulfate  reduction,  or  methanogenesis.  Other,  less  common  anaerobic 
degradation  mechanisms  such  as  manganese  or  nitrate  reduction  or  reductive 
dechlorination  may  dominate  if  the  physical  and  chemical  conditions  in  the  subsurface 
favor  use  of  these  electron  acceptors. 

When  hydrocarbons  are  utilized  as  the  primary  electron  donor  for  microbial 
metabolism,  they  typically  are  completely  degraded  or  detoxified  (Bouwer,  1992).  When 
hydrocarbon  compounds  are  not  present  in  sufficient  quantities  to  act  as  the  primary 
metabolic  substrate,  they  cannot  support  microbial  growth  as  the  sole  electron  donors.  In 
this  case,  the  contaminant  can  still  be  degraded,  but  the  microorganisms  will  obtain  the 
majority  of  their  energy  from  alternative  substrates  in  the  aqueous  environment.  This 
type  of  metabolic  degradation  is  referred  to  as  “secondary  utilization”  because  the 
hydrocarbon  compound  contributes  only  a  small  fraction  of  the  energy  and  carbon  needed 
for  cell  production  and  maintenance  (Bouwer,  1992). 

D3.2  Chemical  Degradation  as  a  First-Order  Process 

Because  biodegradation  may  be  the  most  important  fate  process  removing  organic 
chemicals  from  the  environment,  an  evaluation  of  biodegradation  rate  constants  is 
necessary  to  adequately  assess  the  fate  and  transport  of  contaminants  in  the  subsurface. 
While  several  different  representations  of  the  processes  by  which  chemical  degradation 
occurs  at  the  microscopic  level  in  the  environment  are  currently  in  use,  all  require 
detailed  knowledge  of  in-situ  physical,  chemical,  and  biological  conditions  (e.g.,  Baveye 
and  Valocchi,  1989).  For  example,  to  properly  account  for  biodegradation  at  a 
microscopic  level,  one  must  accurately  describe  such  parameters  as  nutrient  availability, 
cellular  diffusion,  cellular  growth  dynamics,  the  microscopic  dimensions  of  individual 
pores,  interpore  substrate  concentrations,  and  factors  controlling  potential  changes  in  soil 
porosity  and  permeability;  and  must  then  incorporate  these  parameters  into  a  nonlinear 
mathematical  representation  of  process  dynamics. 

Fortunately,  this  level  of  effort  may  not  be  necessary.  Two  of  the  principal  models 
proposed  by  researchers  to  describe  degradation  processes  at  the  cell  level  (the  biofilm 
and  Monod  kinetic  models),  can  be  simplified  to  a  first-order  kinetic  approximation 
under  certain  limiting  conditions  or  at  field  scales  (Bouwer  and  McCarty,  1984; 
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MacQuarrie  et  al.,  1990).  In  addition,  several  authors  have  noted  that  first-order,  or 
pseudo- first-order  kinetics  approximate  the  rate  of  hydrocarbon  degradation  observed  at 
individual  study  sites  (Berry-Spark  et  al.,  1988;  Chiang  et  al.,  1989;  Dragun,  1988; 
Kemblowski  et  al,  1987).  The  use  of  first-order  kinetics  assumes  that  the  rate  of  change 
in  chemical  concentration  with  time  (t)  is  dependent  only  on  the  concentration  of  the 
chemical  in  soil  or  ground  water  (C): 


(D-6) 

ut 

where  ^  is  a  first-order  rate  constant  [1/T].  The  chemical  concentration  in  soil  or 
groundwater  at  a  given  time  can  be  found  by  integrating  Equation  D-  6  to  obtain: 

C  =  Coe/M  (D-7) 


where  Co  is  the  initial  concentration  of  the  chemical. 

Ranges  of  first-order  rate  constants  have  been  estimated  and  tabulated  for  a  number  of 
organic  chemicals  (see,  for  example,  Howard  et  al.,  1991  and  Wiedemeier  et  al.,  1999). 
If  neither  site-specific  information,  nor  tabulated  rate  constants  are  available,  the  first- 
order  rate  constant  for  a  particular  chemical  can  be  estimated  from  reported  half-life  data, 
using: 


Tin 


(D-8) 


where 

Tin  -  constituent  half-life  (days). 

Historic  chemical  concentration  information  can  also  be  used  to  estimate  first-order 
rate  constants,  as  long  as  the  apparent  degradation  rate  can  be  normalized  to  account  for 
the  effects  of  dilution,  advective  dispersion,  diffusion,  and  sorption,  or  if  simplifying,  but 
conservative  assumptions  regarding  these  processes  can  be  made.  One  method  for 
determining  first-order  rate  constants  for  BTEX  compounds  was  proposed  by  Buscheck 
and  Alcantar  (1995).  Because  of  the  chemical  similarities  between  BTEX  and  CAH 
compounds  (Section  D.1.1),  the  Buscheck  and  Alcantar  method  is  applicable  to  the 
constituents  in  groundwater  at  Site  SS-45,  England  AFB.  The  Buscheck  and  Alcantar 
(1995)  method  derives  a  relationship  that  allows  calculation  of  first-order  biodegradation 
rate  constants  for  steady-state  plumes.  This  method  involves  coupling  the  regression  of 
contaminant  concentration  (plotted  on  a  logarithmic  scale)  versus  distance  downgradient 
(plotted  on  a  linear  scale)  with  an  analytical  advection-dispersion  equation  for  one¬ 
dimensional,  steady-state  contaminant  transport  (Bear  1979).  Additional  parameters  that 
must  be  estimated  to  calculate  the  first-order  rate  constant  include  the  retarded 
longitudinal  velocity  and  longitudinal  dispersivity  of  the  contaminant. 
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Decay  rates  computed  using  the  Buscheck  and  Alcantar  method  account  for  chemical 
(abiotic)  decay  and  biological  (aerobic  and  anaerobic)  decay.  For  an  expanding  plume, 
this  first-order  approximation  can  be  viewed  as  an  upper  bound  on  the  biodegradation 
rate.  Use  of  this  method  yields  an  overestimation  of  the  rate  of  biodegradation  because  a 
typical  expanding  plume  exhibits  decreasing  source-area  concentrations,  increasing 
downgradient  concentrations,  or  both,  as  a  consequence  of  source-area  dispersion  and 
down-gradient  advection.  Over  time,  these  changes  result  in  a  decreasing  slope  on  a  log- 
linear  plot,  and  consequently  a  decreasing  biodegradation  rate.  In  addition,  the 
magnitude  of  the  decay  rate  calculated  using  the  Buscheck  and  Alcantar  method  is 
sensitive  to  the  estimated  migration  velocity  of  the  contaminant  along  the  selected 
flowpath;  therefore,  inaccuracies  in  the  estimated  velocity  will  cause  estimates  of  first- 
order  rate  constants  to  be  less  accurate.  Overestimation  of  the  groundwater  velocity  will 
result  in  overestimation  of  the  decay  rate,  and  vice  versa. 

D3.3  Degradation  of  Halogenated  Compounds 

Chlorinated  solvents  can  also  be  transformed,  directly  or  indirectly,  by  biological  or 
abiotic  processes  (Mallon,  1989;  USEPA,  1998).  CAHs  may  undergo  biodegradation 
along  three  different  pathways:  use  as  an  electron  acceptor,  use  as  an  electron  donor,  or 
cometabolism  (degradation  resulting  from  exposure  to  a  catalytic  enzyme  fortuitously 
produced  during  an  unrelated  process).  At  a  particular  location,  one  or  all  of  these 
processes  may  be  operating,  although  at  many  sites  the  use  of  CAHs  as  electron  acceptors 
appears  to  be  the  most  likely. 

In  a  pristine  aquifer,  native  organic  carbon  is  utilized  as  an  electron  donor,  and  DO  is 
utilized  first  as  the  prime  electron  acceptor.  Where  anthropogenic  carbon  (e.g.,  fuel 
hydrocarbons,  less-chlorinated  CAHs,  or  chlorinated  benzenes  with  four  or  fewer 
chlorine  atoms)  is  present,  it  also  may  be  utilized  as  an  electron  donor.  Most  chlorinated 
solvents  that  can  act  as  electron  donors  have  thus  far  only  been  demonstrated  to  do  so 
under  aerobic  conditions,  with  the  notable  exception  of  vinyl  chloride  (Bradley  and 
Chapelle,  1996).  After  the  DO  is  consumed,  anaerobic  microorganisms  typically  use 
native  electron  acceptors  (as  available)  in  the  following  order  of  preference:  nitrate, 
ferric  oxyhydroxide,  sulfate,  and  finally  carbon  dioxide.  Evaluation  of  the  distribution  of 
these  electron  acceptors  can  provide  evidence  of  where  and  how  biodegradation  of 
chlorinated  solvents  is  occurring.  A  more  complete  description  of  the  main  types  of 
biodegradation  reactions  affecting  chlorinated  solvents  dissolved  in  groundwater  is 
presented  in  the  following  subsections. 

D3.3.1  Electron  Acceptor  Reactions  (Reductive  Dehalogenation) 

Halogenated  compounds  are  known  to  undergo  chemical  transformations,  or 
degradation,  in  natural  systems  (Vogel  and  McCarty,  1985;  Vogel  et  al.,  1987;  Lesage  et 
al.,  1990;  Barbee,  1994),  principally  through  the  mechanism  of  sequential  reductive 
dehalogenation,  under  anaerobic  conditions.  During  this  process,  the  halogenated 
hydrocarbon  is  used  as  an  electron  acceptor,  not  as  a  source  of  carbon,  and  a  halogen 
atom  is  removed  and  replaced  with  a  hydrogen  atom  at  each  reaction  step  (Criddle  and 
McCarty,  1991).  A  typical  reductive  halogenation  transformation  sequence  begins  with  a 
highly  chlorinated  alkene,  e.g.,  TCE  (Figure  D.l).  Through  sequential  reductive 
reactions,  TCE  is  first  transformed  to  1,1 -DCE,  or  either  the  cis-  or  trans-  isomer  of  1,2- 
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DCE;  and  DCE  is  transformed  to  vinyl  chloride.  In  the  final  reductive  dehalogenation 
step,  vinyl  chloride  is  mineralized  (changed  to  carbon  dioxide,  water,  and  hydrogen 
chloride).  Minor  amounts  of  other  chlorinated  chemicals  (for  example,  1,1 -DC A)  can 
also  be  generated  during  reductive  dehalogenation  reactions;  however,  the  sequence 

TCE  -->  DCE  — >  vinyl  chloride 


is  most  typical  (Vogel  et  al,  1987;  Barbee,  1994).  This  chain  of  reaction  products  is 
referred  to  as  “TCE  and  its  daughters'"  (Barbee,  1994).  In  fact,  the  relative  proportions  of 
TCE  and  its  daughters,  and  the  relative  locations  at  which  these  chemicals  have  been 
detected  in  groundwater  at  Site  SS-45,  indicate  that  TCE  was  the  primary  chemical, 
originally  introduced  to  the  subsurface,  and  the  other  halogenated  chemicals  have 
gradually  appeared,  as  the  precursor  chemical  (TCE)  has  evolved  in  the  subsurface  along 
its  degradation  path  (Figure  D.l).  Reductive  dehalogenation  of  some  compounds  also 
has  been  shown  to  preferentially  produce  specific  daughter  compounds.  For  example, 
during  reductive  dehalogenation  of  TCE,  all  three  isomers  of  DCE  can  theoretically  be 
produced;  however,  Bouwer  (1994)  reports  that  under  the  influence  of  biodegradation, 
cis-l,2-DCE  is  a  more  common  intermediate  than  trans-\ ,2-^DCE,  and  that  1,1 -DCE  is 
the  least  prevalent  intermediate  of  the  three  DCE  isomers. 

Reductive  dehalogenation  affects  each  of  the  chlorinated  compounds  differently.  Of 
the  ethenes,  tetrachloroethene  (PCE)  is  the  most  susceptible  to  reductive  dehalogenation 
because  it  is  the  most  highly  oxidized.  Conversely,  VC  is  the  least  susceptible  to 
reductive  dehalogenation  because  it  is  the  least  oxidized  of  these  compounds.  In  general, 
the  rate  of  reductive  dehalogenation  of  chlorinated  solvents  has  been  observed  to 
decrease  as  the  degree  of  chlorination  decreases  (Vogel  and  McCarty,  1985;  Bouwer, 
1994).  Murray  and  Richardson  (1993)  have  postulated  that  this  rate  decrease  may 
explain  the  apparent  accumulation  of  VC  in  TCE  plumes  that  are  undergoing  reductive 
dehalogenation. 

In  addition  to  being  affected  by  the  degree  of  chlorination  of  the  compound,  reductive 
dehalogenation  also  can  be  controlled  by  the  redox  conditions  of  the  site  groundwater 
system.  In  general/  reductive  dehalogenation  has  been  demonstrated  under  anaerobic 
nitrate-  and  sulfate-reducing  conditions,  but  the  most  rapid  biodegradation  rates,  affecting 
the  widest  range  of  compounds,  occur  under  methanogenic  conditions  (Bouwer,  1994). 
Dehalogenation  of  TCE  to  DCE  can  proceed  under  mildly  reducing  conditions,  such  as 
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nitrate  reduction  or  ferric  iron  reduction  (Vogel  et  al,  1987),  while  the  transformation  of 
DCE  to  VC  or  the  transformation  from  VC  to  ethene  requires  more  strongly  reducing 
conditions  (Freedman  and  Gossett,  1989;  DeStefano  et  al.,  1991;  De  Bruin  et  al.,  1992). 

When  chlorinated  compounds  are  used  as  electron  acceptors,  there  must  be  a 
biotically-available  source  of  carbon  for  microbial  growth  in  order  for  reductive 
dehalo genation  to  occur  (Bouwer,  1994).  Potential  carbon  sources/electron  donors  can 
include  low-molecular-weight  compounds  (e.g.,  lactate,  acetate,  methanol,  or  glucose) 
present  in  natural  organic  matter,  fuel  hydrocarbons,  or  less-chlorinated  solvents  (as 
discussed  below). 

D3.3.2  Electron  Donor  Reactions 

Under  aerobic  conditions  some  chlorinated  solvents  can  be  utilized  as  the  primary 
substrate  (i.e.,  electron  donor)  in  biologically  mediated  redox  reactions  (McCarty  and 
Semprini,  1994).  In  this  type  of  reaction,  the  facilitating  microorganism  obtains  energy 
and  organic  carbon  from  the  degraded  compound.  In  contrast  to  reactions  in  which  the 
chlorinated  compound  is  used  as  an  electron  acceptor,  only  the  less  oxidized  chlorinated 
solvents  (e.g.,  VC  and  DCE)  may  be  utilized  as  electron  donors  in  biologically  mediated 
redox  reactions.  Chlorinated  solvent  oxidation  may  be  characterized  by  a  loss  of  solvent 
mass,  a  decreasing  molar  ratio  of  daughter  solvents  to  other  parent  solvent  compounds, 
and  rarely,  the  production  of  chloromethane. 

D3.3.3  Cometabolism 

When  a  CAH  is  biodegraded  through  cometabolism,  it  serves  as  neither  an  electron 
acceptor  nor  a  primary  substrate  in  a  biologically  mediated  redox  reaction.  Instead,  an 
enzyme  or  cofactor  that  is  fortuitously  produced  by  organisms  for  other  purposes 
catalyzes  the  degradation  of  the  CAH.  The  organism  receives  no  known  benefit  from  the 
degradation  of  the  CAH;  rather  the  cometabolic  degradation  of  the  CAH  may  in  fact  be 
harmful  to  the  microorganism  responsible  for  the  production  of  the  enzyme  or  cofactor 
(McCarty  and  Semprini,  1994). 

Cometabolism  is  best  documented  in  aerobic  environments,  although  it  can  potentially 
occur  under  anaerobic  conditions.  Under  aerobic  conditions,  chlorinated  ethenes,  with 
the  exception  of  PCE,  are  reported  to  be  susceptible  to  cometabolic  degradation  (Murray 
and  Richardson,  1993;  Vogel,  1994;  McCarty  and  Semprini,  1994).  Vogel  (1994)  further 
elaborates  that  the  cometabolism  rate  increases  as  the  degree  of  halogenation  decreases. 

In  the  cometabolic  process,  bacteria  indirectly  transform  TCE  (or  other  chlorinated 
compound)  as  they  use  BTEX  or  another  substrate  to  meet  their  energy  requirements. 
Therefore,  TCE  does  not  enhance  the  degradation  of  BTEX  or  other  carbon  sources,  nor 
will  its  cometabolism  interfere  with  the  use  of  electron  acceptors  involved  in  the 
oxidation  of  those  carbon  sources.  Given  this  relationship,  it  would  follow  that  depletion 
of  suitable  substrates  (BTEX  or  other  organic  carbon  sources)  likely  limits  cometabolism 
ofCAHs. 
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D3.4  Behavior  of  Chlorinated  Solvent  Plumes 

Chlorinated  solvent  plumes  can  exhibit  three  types  of  behavior  depending  on  the 
amount  of  solvent  present,  the  amount  of  native  and/or  anthropogenic  organic  carbon  in 
the  subsurface,  the  distribution  and  concentration  of  natural  electron  acceptors,  and  the 
types  of  electron  acceptors  being  utilized  (USEPA,  1998).  Individual  plumes  may  exhibit 
all  three  types  of  behavior  in  different  portions  of  the  plume.  The  different  types  of 
plume  behavior  are  summarized  below. 

D3.4.1  Type  1  Behavior 

Type  1  behavior  occurs  where  the  primary  substrate  is  anthropogenic  carbon  (e.g., 
BTEX  or  landfill  leachate),  that  drives  reductive  dechlorination.  When  evaluating  natural 
attenuation  of  a  plume  exhibiting  Type  1  behavior,  the  following  questions  must  be 
answered: 

1.  Is  the  electron  donor  supply  adequate  to  allow  microbial  reduction  of  the 
chlorinated  organic  compounds  to  proceed?  In  other  words,  will  the 
microorganisms  deplete  chlorinated  aliphatic  hydrocarbon  compounds  (CAHs) 
(used  as  electron  acceptors)  before  they  deplete  the  primary  substrate 
(anthropogenic  carbon)? 

2.  What  is  the  role  of  competing  electron  acceptors  (e.g.,  dissolved  oxygen, 
nitrate,  ferric  iron  and  sulfate)? 

3.  Is  VC  being  oxidized,  or  is  it  being  reduced? 

Type  1  behavior  results  in  the  rapid  and  extensive  degradation  of  the  highly 
chlorinated  solvents  such  as  PCE,  TCE,  or  the  DCE  isomers. 

D3.4.2  Type  2  Behavior 

Type  2  behavior  is  the  predominant  process  in  areas  that  are  characterized  by 
relatively  high  concentrations  of  biologically-available  native  organic  carbon.  This 
natural  carbon  source  drives  reductive  dehalogenation  (i.e.,  the  primary  substrate  for 
microorganism  growth  is  native  organic  carbon).  When  evaluating  natural  attenuation  of 
a  Type  2  chlorinated  solvent  plume,  the  same  questions  as  those  posed  in  the  description 
of  Type  1  behavior  must  be  answered.  Type  2  behavior  generally  results  in  slower 
biodegradation  of  the  highly  chlorinated  solvents  than  Type  1  behavior,  but  under  the 
proper  conditions  (e.g.,  areas  with  naturally  elevated  levels  of  organic  carbon),  this  type 
of  behavior  also  can  result  in  rapid  degradation  of  these  compounds. 

D3.4.3  Type  3  Behavior 

Type  3  behavior  is  the  predominant  process  in  areas  that  are  characterized  by  low 
concentrations  of  native  and/or  anthropogenic  carbon,  and  concentrations  of  DO  that  are 
greater  than  1.0  milligram  per  liter  (mg/L).  Under  such  aerobic  conditions,  reductive 
dehalogenation  will  not  occur,  and  there  is  little  or  no  removal  of  PCE,  TCE,  or  DCE. 
Biodegradation  may  proceed  via  the  much  slower  process  of  cometabolism,  but  will  be 
limited  by  the  low  concentrations  of  native  or  anthropogenic  carbon.  The  most 
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significant  natural  attenuation  mechanisms  for  CAHs,  in  plumes  exhibiting  Type  3 
behavior,  will  be  advection,  dispersion,  and  sorption.  However,  VC  can  be  rapidly 
oxidized  under  these  conditions,  DCE  may  be  oxidized,  and  cometabolism  may  also 
occur. 

D3.4.4  Mixed  Behavior 

It  is  possible  for  a  single  chlorinated  solvent  plume  to  exhibit  all  three  types  of 
behavior  in  different  parts  of  the  plume.  This  can  be  beneficial  for  natural  biodegradation 
of  CAH  plumes.  For  example,  Wiedemeier  et  al.  (1996a)  describe  a  plume  at  Plattsburgh 
AFB,  New  York  that  exhibits  Type  1  behavior  in  the  source  area  and  Type  3  behavior 
downgradient  from  the  source.  The  most  favorable  scenario  involves  a  plume  in  which 
PCE,  TCE,  and  DCE  are  reductively  dehalogenated  (Type  1  or  Type  2  behavior),  then 
VC  is  oxidized  (Type  3  behavior),  either  aerobically  or  via  iron  reduction.  VC  is 
oxidized  to  carbon  dioxide  in  this  type  of  plume  and  does  not  accumulate.  The  following 
sequence  of  reactions  occurs  in  a  plume  that  exhibits  this  type  of  mixed  behavior: 

PCE  -»  TCE  -»  DCE  -»  VC  -^Carbon  Dioxide 

In  general,  the  TCE,  DCE,  and  VC  may  attenuate  at  approximately  the  same  rate,  and 
thus  these  reactions  may  be  confused  with  simple  dilution.  Note  that  no  ethene  is 
produced  during  this  reaction.  VC  is  removed  from  the  system  much  faster  under  these 
conditions  than  it  is  under  VC-reducing  conditions. 

A  less  desirable  scenario,  but  one  in  which  all  contaminants  may  be  entirely 
biodegraded,  involves  a  plume  in  which  all  CAHs  are  reductively  dehalogenated  via 
Type  1  or  Type  2  processes.  VC  is  reduced  to  ethene,  which  may  be  further  reduced  to 
ethane  or  methane.  The  following  sequence  of  reactions  occur  in  this  type  of  plume: 

PCE  ->  TCE  -»  DCE  -»  VC  -»  Ethene  or  Ethane 

Freedman  and  Gossett  (1989)  have  investigated  this  sequence.  In  this  type  of  plume, 
VC  degrades  more  slowly  than  TCE,  and  thus  tends  to  accumulate. 

D3.5  Abiotic  Degradation  of  Chlorinated  Solvents 

Chlorinated  solvents  dissolved  in  groundwater  may  also  be  degraded  by  abiotic 
mechanisms,  although  the  reactions  may  not  be  complete  and  may  result  in  the  formation 
of  a  toxic  intermediate.  The  most  common  abiotic  reactions  affecting  chlorinated 
solvents  are  hydrolysis  and  dehydrohalogenation.  Hydrolysis  is  a  substitution  reaction  in 
which  a  halogen  substituent  is  replaced  with  a  hydroxyl  (OH')  group  from  a  water 
molecule.  Dehydrohalogenation  is  an  elimination  reaction  in  which  a  halogen  is  removed 
from  a  carbon  atom,  followed  by  removal  of  a  hydrogen  atom  from  an  adjacent  carbon 
atom,  with  a  double  bond  between  the  carbon  atoms  being  produced.  Other  possible 
reactions  include  oxidation  and  reduction,  although  Butler  and  Barker  (1996)  note  that  no 
abiotic  oxidation  reactions  involving  common  halogenated  solvents  have  been  reported  in 
the  literature.  They  also  note  that  reduction  reactions  are  most  commonly  microbially 
mediated. 
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Butler  and  Barker  (1996)  note  that  attributing  changes  in  the  presence,  absence,  or 
concentration  of  halogenated  solvents  to  abiotic  processes  is  usually  difficult,  particularly 
at  the  field  scale,  because  solvents  may  undergo  both  biotic  and  abiotic  degradation,  and 
discerning  the  relative  effects  of  each  mechanism  may  not  be  possible.  In  addition,  the 
breakdown  products  of  some  reactions  such  as  hydrolysis  (e.g.,  acids  and  alcohols)  may 
be  readily  degraded  (biotically  or  abiotically);  so  that  these  products  also  require 
additional  analyses  that  may  not  be  feasible  for  a  field  investigation  (Butler  and  Barker, 
1996).  This  makes  collection  and  interpretation  of  field  evidence  to  demonstrate 
hydrolysis  difficult  at  best,  and  such  evidence  has  not  yet  been  successfully  collected  and 
presented  (Butler  and  Barker,  1996).  Evidence  of  dehydrohalogenation  is  also  difficult  to 
collect. 
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APPENDIX  F 

ESTIMATION  OF  FIRST-ORDER  RATE  CONSTANTS 

FOR 

CHEMICAL  DEGRADATION 


F1.0  CHEMICAL  REMOVAL  BY  NATURAL  ATTENUATION 

The  results  of  investigations  indicate  that  trichloroethene  (TCE)  was  the  primary  chemical, 
originally  introduced  to  the  subsurface  at  England  Air  Force  Base  (AFB),  and  other  halogenated 
chemicals  (the  dichloroethene  isomers  [cis-  and  trans-l,2-DCE,  and  1,1-DCE],  and  vinyl 
chloride  —  all  TCE  daughter  products)  gradually  appeared,  as  TCE  degraded  in  the  subsurface 
(refer  to  Section  4  of  the  report).  The  history  of  the  Base  suggests  that  chemical  discharge 
probably  did  not  occur  prior  to  the  mid-  to  late  1950s,  and  may  have  continued  into  the  early  to 
mid-  1980s  (LAW,  1998,  Section  4.2.2)  --  a  disposal  history  possibly  as  long  as  30  years. 

The  relative  concentrations  of  TCE  and  its  daughter  products  in  groundwater  beneath,  and 
down-gradient  of  the  800  Area  and  2500  Area,  indicate  that  these  chemicals  have  been,  and  are 
currently  being  removed  from  the  groundwater  system  as  a  result  of  naturally-occurring  chemical 
degradation  processes  (refer  to  Appendix  D,  and  to  Section  4.2  of  the  CMS  report).  The  current 
concentrations  of  TCE  and  its  daughter  products,  detected  in  groundwater  beneath  the  property, 
provide  an  indication  of  the  relative  rates  of  chemical  degradation  in  the  subsurface,  established 
through  the  period  during  which  chemicals  have  been  present  in  soils  and  groundwater. 

Biotic,  or  abiotic  degradation  of  chemicals  is  often  considered  to  be  a  first-order  process 
(Appendix  D).  The  use  of  first-order  kinetics  to  approximate  naturally-occurring  chemical 
degradation  assumes  that  the  rate  of  change  in  chemical  concentrations  in  groundwater  through 
time  is  dependent  only  on  the  concentration  of  the  chemical  in  groundwater: 


C  final  C  initial  ^  & 


-Ml 


F-l 


where 

C final  ~  concentration  of  chemical  in  water  at  the  end  of  time  t  [M/L3], 

C initial  ~  initial  concentration  of  chemical  in  water  [M/L3],  and 

H  =  first-order  rate  constant  [1/T]. 

If  all  the  DCE  isomers,  and  vinyl  chloride,  currently  present  in  groundwater  beneath  the  800 
Area  and  2500  Area  on  the  Base,  are  degradation  daughter  products  of  TCE,  the  stoichiometry  of 
the  degradation  reaction  can  be  used  to  examine  the  degradation  of  TCE  and  its  daughters  in 
groundwater.  Because  one  mole  of  TCE  will  degrade  to  one  mole  of  DCE  isomers,  and, 
eventually,  one  mole  of  vinyl  chloride,  use  of  molar  chemical  concentrations,  rather  than  mass- 
based  concentrations,  allows  the  amounts  of  chemical  produced  (or  removed)  during  degradation 
reactions  to  be  compared  directly.  Mass-based  chemical  concentrations  (milligrams  per  liter; 
mg/L)  can  be  converted  to  molar-based  concentrations  (moles  per  liter;  mol/L),  using: 
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C molar 


1  § 


Mol  Wt  1,000  mg 
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where 

Cmoiar  =  molar  concentration  of  chemical  [mol/L], 

Cmass  =  mass  concentration  of  chemical  [mg/L],  and 

MolWt  =  molecular  weight  of  chemical  [g/mol]. 

Molar  chemical  concentrations  are  used  in  all  subsequent  geochemical  calculations. 

F2.0  ESTIMATION  OF  FIRST-ORDER  RATE  CONSTANTS  BY  DIRECT 
CALCULATION 

F2.1  Degradation  Pathway  of  TCE 

Chemical  degradation,  via  biotic  or  abiotic  mechanisms,  may  be  the  most  important  process 
acting  to  remove  chemical  mass  from  the  subsurface  (Appendix  D).  Therefore,  estimation  of  the 
rates  of  chemical  degradation  is  necessary  to  properly  evaluate  the  ultimate  fate  of  TCE  and  its 
daughter  products  at  Site  SS-45,  England  AFB.  First-order  degradation  rate  constants  may  be 
calculated  using  field  data,  or  by  using  representative  samples  of  the  aquifer  material  and 
groundwater  in  microcosm  studies  (USEPA,  1998).  Microcosm  studies  can  be  used  to 
demonstrate  that  the  microorganisms  necessary  for  biodegradation  are  present  and  to  enable 
quantification  of  rates  of  biodegradation.  However,  because  microcosm  studies  are  time 
consuming  and  expensive,  they  are  undertaken  only  at  sites  where  there  is  considerable 
uncertainty  regarding  the  occurrence  of  contaminant  biodegradation.  Furthermore,  the  results  of 
microcosm  studies  can  be  influenced  by  the  nature  of  the  geological  material  collected  for  the 
microcosm,  the  physical  properties  of  the  microcosm,  the  sampling  strategy,  and  the  duration  of 
the  study.  The  rates  of  biodegradation  determined  on  the  basis  of  microcosm  studies  often  are 
much  higher  than  those  observed  in  the  field.  Microcosms  are  most  appropriate  as  indicators  of 
the  potential  for  natural  bioremediation,  and  to  evaluate  whether  losses  of  chemical  mass  are  a 
result  of  biological  activity,  but  it  may  be  inappropriate  to  use  them  to  generate  rate  constants. 
The  preferred  method  of  evaluating  degradation  rate  constants  is  by  use  of  field  data. 

All  available  evidence  indicates  that  DCE  in  groundwater  originated  as  impurities  in  TCE, 
and/or  as  a  degradation  product  of  TCE;  and  the  DCE  isomers  degraded  to  vinyl  chloride,  in  a 
degradation  sequence  conceptually  presented  as  follows: 
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TCE  water 


^  Mtce 


DCE 


DCE  water 

^  Mdce-vc 

V C  water 
^  ft  VC -CM 
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Complete  Mineralization 


where 

TCEwater  =  concentration  of  TCE  in  water  [mol/L3],  and 

V'tce-dce  =  rate  constant  for  degradation  of  TCE  to  DCE  [T1]. 

This  observation  suggests  that,  in  the  absence  of  significant  mass  loss  due  to  processes  other 
than  chemical  degradation  (e.g.,  volatilization  or  advective  transport),  first-order  degradation  rate 
constants  can  be  estimated  by  direct  calculation,  as  long  as  additional  chemical  mass  is  not  being 
introduced  into  the  system.  If  chemical  mass  loss,  or  apparent  mass  loss,  is  occurring  as  a 
consequence  of  dilution  or  dispersion,  resulting  from  chemical  migration,  the  apparent 
degradation  rate  estimated  using  field  data,  must  be  normalized  to  account  for  these  effects. 
However,  evaluation  of  hydraulic  gradients  and  groundwater  flow  velocities  in  the  subsurface  at 
Site  SS-45  (Appendix  D  and  Section  4.4  of  the  CMS  report)  indicates  that  advective  transport 
may  be  a  minor  component  of  chemical  migration,  so  that  the  effects  of  advective  dispersion  and 
resulting  chemical  dilution  are  probably  relatively  small. 

F2.2  Temporal  Trends  in  Chemical  Concentrations 

If  removal  of  chemical  mass  is  occurring  in  the  subsurface  as  a  consequence  of  natural 
degradation  processes,  mass  removal  will  be  manifest  as  a  decrease  in  chemical 
concentrations  through  time  at  a  particular  sampling  location,  as  a  decrease  in  chemical 
concentrations  with  increasing  distance  from  chemical  source  areas,  or  as  a  change  in  the  suite 
of  chemicals  through  time  or  with  increasing  migration  distance.  Therefore,  as  a  first  step  in 
estimating  the  possible  range  of  rates  of  chemical  degradation,  it  is  necessary  to  identify  those 
sampling  locations  at  which  chemical  concentrations  have  decreased  through  time.  Of  the 
groundwater  monitoring  wells  associated  with  Site  SS-45,  England  AFB,  the  most  extensive 
monitoring  histories  have  been  recorded  for  wells  A39L009PZ,  SS45L001MW  and 
SS45L002MW  in  the  800  Area,  and  wells  A39L010PZ  and  A39L011PZ  in  the  2500  Area 
(Table  F.l  and  Figures  F.l  through  F.6.  Note  that  the  concentrations  of  TCE,  DCE  isomers, 
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vinyl  chloride,  and  ethene  through  time  are  presented  for  each  well,  in  mass-based  units  [pg/L]; 
and  the  concentrations  of  TCE,  DCE  isomers,  vinyl  chloride,  ethene,  and  total  volatile  organic 
chemicals  are  also  presented  in  molar  concentration  units  [pmol/L].  )  The  initial  sampling  event 
at  each  well  location  is  considered  to  be  the  collection  of  groundwater  samples  during  the  1996 
HydroPunch™  investigation,  completed  by  LAW  Engineering  and  Environmental  Services,  Inc. 
(LAW,  1998).  The  results  of  analyses  of  groundwater  samples,  collected  from  the  particular 
interval  of  each  HydroPunch™  boring  that  was  eventually  screened  as  a  groundwater  monitoring 
well,  were  incorporated  into  the  historic  monitoring  record  for  these  five  wells  (Table  F.l);  and 
the  monitoring  histories  were  examined  for  evidence  of  trends  of  increasing  or  decreasing 
chemical  concentrations  through  time. 

Visual  inspection  of  the  temporal  trends  in  chemical  concentrations  suggests  that: 

•  The  concentrations  of  cis-l,2-DCE  in  groundwater  samples  from  well  A39L009PZ  have 
been  decreasing  through  time,  while  the  concentrations  of  TCE  have  been  increasing 
(Figures  F.l  and  F.2); 

•  The  concentrations  of  TCE  in  groundwater  samples  from  well  SS45L001MW  have 
decreased  slightly  since  mid-1997,  while  the  concentrations  of  other  volatile  organic 
chemicals  have  remained  relatively  constant; 

•  The  concentrations  of  cis-l,2-DCE  in  groundwater  samples  from  well  SS45L002MW  have 
increased  through  time  (Figures  F.3  and  F.4); 

•  The  concentrations  of  DCE  isomers  and  vinyl  chloride  in  groundwater  samples  from  well 
A39L010PZ  have  decreased  through  time,  while  the  concentrations  of  ethene  have 
increased  (Figures  F.5  and  F.6);  and 

•  The  concentrations  of  cis-l,2-DCE  in  groundwater  samples  from  well  A39L011PZ  have 
decreased  through  time,  while  the  concentrations  of  other  volatile  organic  chemicals  have 
remained  relatively  constant. 

A  more  rigorous  examination  of  temporal  trends  in  chemical  concentrations  can  be  completed 
using  a  statistical  procedure  -  the  Mann-Kendall  test  for  trends.  The  Mann-Kendall  non- 
parametric  test  (Gilbert,  1987)  is  well  suited  for  application  to  the  evaluation  of  environmental 
data  because  the  sample  size  can  be  small  (as  few  as  4  data  points),  no  assumptions  are  made 
regarding  the  underlying  statistical  distribution  of  the  data,  and  the  test  can  be  adapted  to  account 
for  seasonal  variations  in  the  data.  The  null  hypothesis  ( there  is  no  trend  in  chemical 
concentrations )  was  examined  for  the  historic  record  for  each  of  the  five  wells,  using  the  Mann- 
Kendall  test,  at  the  90  percent  confidence  level  (one-tailed;  trend  can  be  up  or  down).  Rejection 
of  the  null  hypothesis  indicates  that  an  increasing  or  decreasing  trend  is  present.  If  a  trend  is 
determined  to  be  present,  a  non-parametric  slope  of  the  trend  line  (change  per  unit  time)  can  also 
be  estimated  using  the  test  procedure. 

Application  of  the  Mann-Kendall  test  to  the  complete  historic  record  for  each  of  the  five  wells 
indicates  that: 

•  The  concentrations  of  cis-l,2-DCE  and  total  volatile  organic  chemicals  (molar 
concentrations)  in  groundwater  samples  from  well  A39L009PZ  have  been  decreasing 
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through  time.  No  other  trend  in  chemical  concentrations  in  groundwater  samples  from 
well  A39L009PZ  can  be  confirmed  statistically. 

•  No  statistical  trend  can  be  confirmed  in  chemical  concentrations  in  groundwater  samples 
from  well  SS45L001MW. 

•  The  concentrations  of  vinyl  chloride  in  groundwater  samples  from  well  SS45L002MW 
have  increased  through  time.  No  other  trend  in  chemical  concentrations  in  groundwater 
samples  from  well  SS45L002MW  can  be  confirmed  statistically. 

•  The  concentrations  of  cis-l,2-DCE  and  trans-l,2-DCE  in  groundwater  samples  from  well 
A39L010PZ  have  decreased  through  time.  .  No  other  trend  in  chemical  concentrations  in 
groundwater  samples  from  well  A39L009PZ  can  be  confirmed  statistically. 

•  No  statistical  trend  can  be  confirmed  in  chemical  concentrations  in  groundwater  samples 
from  well  A39L011PZ. 


These  results  are  summarized  in  Table  F.2.  Note  that  groundwater  samples  have  been  collected 
from  these  wells  during  a  maximum  of  five  distinct  sampling  events  (including  the  initial 
samples  collected  during  the  HydroPunch™  investigation),  over  a  three-year  period  (1996  - 
1999).  The  apparent  absence  of  statistically-demonstrable  trends  of  decreasing  chemical 
concentrations  through  time  may  simply  be  a  result  of  the  limited  historical  monitoring  record 
for  groundwater  at  Site  SS-45. 

F2.3  Direct  Calculation  of  First-Order  Rate  Constants 


The  simplest  means  of  estimating  rates  of  chemical  removal  is  by  direct  calculation.  In  order 
to  use  direct  calculation  methods  to  estimate  first-order  rate  constants,  the  concentrations  of  TCE 
and  its  daughter  products  detected  in  groundwater  samples  collected  from  a  single  well,  during 
two  or  more  sequential  sampling  events,  are  used  in  Equation  F-l.  For  example,  direct 
calculation,  using  sampling  results  from  wells  A39L010PZ  and  A39L011PZ  (Table  F.l)  can  be 
used  to  estimate  the  first-order  degradation  rate  constant  for  cis-l,2-DCE  in  the  2500  Area  on  the 
Base  (Table  F.3).  During  the  sampling  event  of  June  1996,  cis-l,2-DCE  was  detected  in  the 
groundwater  sample  from  well  A39L010PZ  (Table  F.l),  at  a  concentration  of  31  pg/L  (0.32 
pmol/L).  By  June  16,  1997  (364  days  later),  the  concentration  of  cis-l,2-DCE  detected  in  the 
groundwater  sample  from  well  A39L010PZ  had  decreased,  to  9.5  pg/L  (0.098  pmol/L). 
Substituting  the  detected  concentrations,  and  the  elapsed  time  between  sampling  events,  into 
Equation  F-l,  and  taking  logarithms, 
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Similarly,  by  March  14,  1999,  935  days  after  the  first  sampling  event  at  well  A39L010PZ  in  June 
1996,  the  concentration  of  cis-l,2-DCE  in  groundwater  at  that  location  had  decreased,  to  28  pg/L 
(0.029  pmol/L;  Table  F.l).  The  first-order  degradation  rate  constant,  calculated  for  cis-l,2-DCE 
in  groundwater  at  the  location  of  well  A39L010PZ,  for  the  period  June  17,  1996  through  March 
14,  1999,  is  therefore  0.0024  days'1,  corresponding  to  a  half-life  of  0.8  years  (Table  F.3).  Note 
that  because  several  different  processes  (volatilization,  dilution,  advective  removal,  degradation) 
may  be  contributing  to  declines  in  concentrations,  first-order  rate  constants  estimated  using  this 
method  are  properly  referred  to  as  "total  attenuation  rate  constants". 

Direct  calculation  of  first-order  degradation  rate  constants  using  this  method  is  only 
applicable  for  those  locations  and  time  periods  for  which  chemical  concentrations  (and  chemical 
mass)  are  decreasing,  as  a  direct  consequence  of  chemical  degradation,  rather  than  as  a  result  of 
diffusion,  dispersion,  or  other  attenuation  processes.  Strictly  speaking,  then,  direct  calculation  of 
first-order  rate  constants  is  valid  only  for  degradation  of  cis-l,2-DCE  in  groundwater  at  the 
location  of  well  A39L009PZ,  and  cis-  and  trans-l,2-DCE  in  groundwater  at  the  location  of  well 
A39L010PZ,  because  decreasing  trends  in  the  concentrations  of  these  chemicals,  at  these  well 
locations,  can  be  confirmed  statistically  (preceding  section).  However,  for  the  purpose  of 
illustrating  the  method,  first-order  total  attenuation  rate  constants  have  also  been  calculated  for 
those  chemicals  having  visually-apparent  decreasing  concentration  trends  during  particular  time 
periods  (Table  F.3). 

F3.0  ESTIMATION  OF  FIRST-ORDER  RATE  CONSTANTS  USING  METHOD  OF 
BUSCHECK  AND  ALCANTAR 

Another  method  for  evaluating  first-order  rate  constants  for  chemical  degradation  is  described 
by  USEPA  (1998).  The  method,  proposed  by  Buscheck  and  Alcantar  (1995),  is  based  on  the 
one-dimensional,  steady-state  analytical  solution  to  the  advection-dispersion  equation  presented 
by  Bear  (1979),  and  is  used  to  examine  the  distribution  of  chemical  concentrations  in  a 
contaminant  plume,  presumed  to  be  at  steady-state  conditions  (Appendix  D).  Decay  rates 
computed  using  this  method  account  for  chemical  (abiotic)  decay  and  biological  (aerobic  and 
anaerobic)  decay.  If  the  plume  is  actually  expanding,  rather  than  being  at  steady-state,  this  first- 
order  approximation  can  be  viewed  as  an  upper  bound  on  the  chemical  degradation  rate. 
Application  of  this  method  to  the  evaluation  of  an  expanding  plume  will  produce  an  overestimate 
of  the  rate  of  degradation,  because  a  typical  expanding  plume  exhibits  decreasing  source  area 
chemical  concentrations,  increasing  down-gradient  concentrations,  or  both.  Over  time,  these 
changes  result  in  a  decreasing  slope  on  a  log-linear  plot  of  concentration  versus  chemical 
migration  distance,  and  consequently  a  decreasing  biodegradation  rate. 

The  method  of  Buscheck  and  Alcantar  (1995)  uses  plume  length  and  chemical  concentrations 
along  the  plume  centerline  to  calculate  first  order  decay  rates.  The  magnitudes  of  chemical 
decay  rates  calculated  using  these  methods  are  sensitive  to  the  estimated  migration  velocity  of 
the  contaminant  along  the  selected  flowpath;  therefore,  inaccuracies  in  the  estimated  velocity 
will  cause  the  decay  rates  to  be  less  accurate.  Overestimation  of  the  groundwater  velocity  will 
result  in  overestimation  of  the  decay  rate,  and  vice  versa. 

The  method  of  Buscheck  and  Alcantar  (1995)  implicitly  assumes  that  chemical  migration 
occurs  via  advective  transport  from  a  known  source  of  chemicals  along  an  identifiable 
groundwater  flowpath,  down-gradient  from  the  source;  and  the  solution  corrects  for  retardation, 
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dispersion  and  dilution  occurring  during  advection  along  the  flowpath.  Application  of  the 
method  therefore  requires  that: 

•  The  suites  and  concentrations  of  chemicals  detected  in  groundwater  at  an  up-gradient 
monitoring  point  are  related  to  the  suites  and  concentrations  of  chemicals  detected  in 
groundwater  at  one  or  more  down-gradient  locations,  in  that  they  share  a  common  source, 
and  lie  along  a  flowpath  originating  at  that  source. 

•  Chemical  migration  is  controlled  by  advective  transport  in  groundwater,  with  transport 
occurring  at  a  constant  groundwater  flow  velocity  along  a  constant  flowpath,  so  that  the 
relationship  between  travel  distance  and  travel  time  between  monitoring  points  remains 
fixed. 

Application  of  the  method  may  not  be  appropriate  in  situations  where  a  well-defined  source 
area  cannot  be  identified,  or  where  more  than  one  chemical  source  may  be  present  (in  this 
situation,  the  suites  and  concentrations  of  chemicals  in  groundwater  at  several  locations  may  not 
be  related),  or  where  the  migration  and  distribution  of  chemicals  are  controlled  by  processes 
other  than  advection.  As  a  consequence  of  the  extremely  low  hydraulic  gradients  in  the 
groundwater  system  beneath  England  AFB,  the  distribution  of  chemicals  in  most  parts  of  Site 
SS-45  may  be  a  result  of  molecular  diffusion  processes  (Appendix  D  and  Section  4.4  of  the 
CMS  report).  Alternatively,  because  groundwater  flow  directions  beneath  the  800  Area  and  2500 
Area  are  generally  indeterminate  (in  that  the  potentiometric  surface  is  nearly  flat,  and  hydraulic 
gradients  do  not  appear  to  extend  continuously  over  appreciable  distances  in  any  direction),  the 
distribution  of  chemicals  may  have  occurred  as  a  result  of  inconsistent  or  oscillating  advective 
migration  along  poorly-defined  flowpaths.  Therefore,  because  distinct,  identifiable  chemical 
sources  may  not  be  present  (Sections  1  and  4  of  the  report),  and  because  advection  of  dissolved 
constituents  may  be  at  most,  a  minor  component  of  the  current  chemical  migration  process,  the 
method  of  Buscheck  and  Alcanatar  (1995)  is  probably  not  applicable  evaluation  of  chemical 
decay  in  groundwater  at  most  areas  of  Site  SS-45. 

An  exception  may  be  the  south-central  part  of  the  2500  Area,  adjacent  to  Le  Tig  Bayou.  In 
this  area,  the  flowpath  beginning  at  Well  #4,  located  in  a  part  of  the  2500  Area  containing 
relatively  higher  concentrations  of  volatile  organic  chemicals,  extends  to  wells  A39L010PZ  and 
A39L012PZ,  in  areas  of  generally  lower  chemical  concentrations,  and  approximately  parallels 
the  bayou  (Figure  F.7).  During  much  of  the  year,  this  flowpath  apparently  is  aligned  with  the 
hydraulic  gradient  near  Le  Tig  Bayou  (Figures  3.4-6  and  3.4-7,  and  Section  3.4  of  the  report), 
although  the  gradient  is  low  enough  that  under  certain  conditions,  flow  reversal  may  occur.  For 
example,  water-level  measurements  collected  in  Well  #4,  and  wells  A39L010PZ  and 
A39L012PZ,  in  March  1999  and  July  1999  indicate  that  a  gradient  of  about  0.0003  ft/ft  existed 
between  Well  #4  and  well  A39L012PZ  (the  beginning  and  ending  points  of  the  flowpath 
considered).  However,  in  March  1999,  no  gradient,  or  a  very  slight  northerly  gradient  (on  the 
order  of  0.0001  ft/ft)  existed  between  well  A39L010PZ  and  Well  #4,  in  the  northern  segment  of 
the  flowpath  (Table  3.4-3  of  the  report). 

Chemical  data  collected  from  Well  #4,  and  wells  A39L010PZ  and  A39L012PZ  also  suggest 
that  groundwater  flow  in  this  area  may  be  generally  north  to  south.  The  chemical  trans-l,2-DCE 
is  the  principal  volatile  organic  chemical  constituent  in  groundwater  near  Well  #4,  having  been 
detected  at  a  concentration  of  320  pg/L  in  the  primary  groundwater  sample  (330  pg/L  in  the 
duplicate  sample)  collected  from  this  well  in  March  1999  (Table  F.l).  cis-l,2-DCE  was  also 
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detected,  at  a  concentration  of  140  pg/L  in  the  primary  groundwater  sample  (150  pg/L  in  the 
duplicate  sample)  from  Well  #4;  vinyl  chloride  was  not  detected.  trans-l,2-DCE  has  historically 
been  detected  in  groundwater  samples  from  down-gradient  well  A39L010PZ  (Table  F.l),  and 
was  detected  at  a  concentration  of  8.5  pg/L  in  the  sample  collected  in  March  1999.  Historically, 
vinyl  chloride  (a  degradation  product  of  DCE)  has  been  the  principal  volatile  organic  chemical 
constituent  in  groundwater  near  well  A39L010PZ,  and  has  been  detected  at  concentrations 
ranging  from  420  pg/L  (in  the  groundwater  sample  collected  in  March  1999)  to  1,260  pg/L  (in 
the  sample  collected  in  June  1996).  The  concentrations  of  halogenated  constituents  in 
groundwater  samples  from  both  wells  are  comparable;  however,  the  differences  in  chemical 
composition  suggest  either  that  chemicals  at  the  two  locations  originated  at  different  sources  or 
during  different  “spill”  events,  separated  in  time,  or  that  chemicals  in  groundwater  near  well 
A39L010PZ  originated  near  Well  #4,  and  have  evolved,  during  migration  to  the  south  along  the 
flowpath  between  the  well  locations.  Well  A39L012PZ  is  located  approximately  1,050  feet 
further  to  the  south  (down-gradient)  of  well  A39L010PZ  (Figure  F.7).  Volatile  organic 
chemicals  were  not  detected  in  groundwater  samples,  collected  from  this  well  during  sampling 
events  in  June  1996  and  December  1997;  however,  cis-l,2-DCE  was  detected,  at  a  concentration 
of  1  pg/L  in  the  groundwater  sample,  collected  in  March  1999  (Table  F.l).  This  suggests  that 
well  A39L012PZ  may  be  near  the  ultimate  down- gradient  extent  of  volatile  organic  chemicals 
originating  near  Well  #4.  Vinyl  chloride  has  not  been  detected  in  groundwater  samples  from 
well  A39L012PZ,  indicating  that  vinyl  chloride,  in  addition  to  the  DCE  isomers,  is  being 
degraded  and  removed  from  the  groundwater  system  during  chemical  migration. 

The  method  of  Buscheck  and  Alcantar  (1995)  was  used  to  estimate  first-order  degradation  rate 
constants  for  cis-l,2-DCE,  trans-l,2-DCE,  and  vinyl  chloride,  along  the  flowpath  extending  from 
Well  #4,  through  well  A39L010PZ  to  well  A39L012PZ  (Figure  F.7).  First-order  degradation 
rate  constants  for  TCE  could  not  be  estimated  using  this  method  applied  to  the  flowpath 
extending  from  Well  #4,  through  well  A39L010PZ  to  well  A39L012PZ,  because  TCE  has  not 
been  detected  in  groundwater  samples  from  wells  in  the  vicinity.  Well  #4  was  assumed  to  be 
located  near  the  “source”  of  chemicals  in  the  2500  Area,  because  the  concentrations  of  chemicals 
detected  in  groundwater  samples  from  Well  #4  are  generally  greater  than  have  been  detected  in 
other  nearby  wells;  and  the  suite  of  chemicals  in  groundwater  from  Well  #4  (cis-  and  trans-1,2- 
DCE)  is  less  evolved  than  the  suite  of  chemicals  in  groundwater  samples  from  well  A39L010PZ 
(vinyl  chloride,  with  lesser  concentrations  of  DCE  isomers). 

Information  required  for  calculations  using  the  method  of  Buscheck  and  Alcantar  includes: 

•  concentrations  of  primary  compound  and  daughter  products  at  known  distances  down- 
gradient  from  an  identified  source  of  chemicals, 

•  migration  velocity  of  the  primary  compound  and  daughter  products  (the  seepage  velocity 
incorporating  chemical  retardation),  and 

•  longitudinal  dispersivity. 

The  concentrations  of  cis-l,2-DCE,  trans-l,2-DCE,  and  vinyl  chloride,  detected  in 
groundwater  samples  collected  in  March  1999,  were  used  in  the  calculation.  Neither  trans-1,2- 
DCE  nor  vinyl  chloride  were  detected  in  groundwater  samples  collected  from  well  A39L012PZ 
in  March  1999;  for  purposes  of  the  calculation,  the  concentrations  of  these  compounds  in 
groundwater  at  this  location  were  assumed  to  be  one-half  the  detection  limit  (detection  limit  of 
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0.5  (xg/L  for  trans-l,2-DCE;  detection  limit  of  1  pg/L  for  vinyl  chloride).  The  hydraulic  gradient 
was  calculated  using  the  potentiometric  elevations  measured  in  Well  #4  and  well  A39L012PZ 
(the  beginning  and  endpoint  of  the  flowpath)  in  March  1999  (for  the  complete  flowpath  used  to 
examine  the  degradation  of  the  DCE  isomers),  and  was  calculated  using  the  potentiometric 
elevations  measured  in  wells  A39L010PZ  and  A39L012PZ  in  March  1999,  for  the  segment  of 
the  flowpath  extending  between  these  two  wells,  and  used  to  examine  the  degradation  of  vinyl 
chloride.  A  value  for  hydraulic  conductivity  of  5.4  ft/day,  representing  the  median  hydraulic 
conductivity  determined  by  displacement  tests  (“slug  tests”)  of  wells  at  Site  SS-45  (Table  3.4-2), 
and  an  effective  porosity  of  0.28,  measured  in  soil  samples  collected  from  the  Intermediate  Sand 
unit  (Section  3.4  of  the  report),  were  used,  with  the  hydraulic  gradient,  to  calculate  the  seepage 
velocity  along  the  complete  flowpath,  and  along  its  southern  segment.  Compound-specific 
retardation  coefficients  were  estimated  using  the  method  of  Karickhoff  et  al.  (1979),  and  the 
median  fraction  organic  carbon  value  (0.0013)  detected  in  soil  samples  collected  from  the 
Intermediate  Sand  unit  in  the  2500  Area  (Section  3.4  of  the  report).  The  retardation  coefficients 
were  used  to  estimate  compound-specific  contaminant  migration  velocities;  these  ranged  from 
0.004  ft/day  (cis-l,2-DCE)  to  0.006  ft/day  (vinyl  chloride).  The  empirical  method  of  (1993)  was 
used  to  estimate  longitudinal  dispersivity. 

The  decay-rate  calculations,  completed  using  the  method  of  Buscheck  and  Alcantar  (1995)  are 
attached  to  Appendix  F  and  summarized  in  Table  F.3. 

First-order  rate  constants  of  0.000013  day'1,  0.000018  day'1,  and  0.000031  day'1  were 
calculated  for  cis-l,2-DCE,  trans-l,2-DCE,  and  vinyl  chloride,  respectively,  using  the  method  of 
Buscheck  and  Alcantar  (1995).  These  correspond  to  half-lives  of  about  146,  103,  and  60  years, 
respectively  (Table  F.3).  However,  no  TCE  has  been  detected  in  groundwater  samples  collected 
from  well  A39L010PZ  during  its  monitoring  history;  and  the  molar  concentrations  of  vinyl 
chloride  detected  in  groundwater  samples  from  well  A39L010PZ  have  historically  been  more 
than  20  times  the  molar  concentrations  of  DCE  isomers  detected  in  the  same  groundwater 
samples  (Table  F.l).  This  indicates  that  the  estimated  first-order  rate  constants  are  unrealistically 
low  (half-lives  are  unrealistically  long),  because  otherwise  the  DCE  isomers  would  be  the 
principal  chemical  species  at  this  down-gradient  location.  The  unrealistically  low  estimates  for 
first-order  rate  constants  suggest  that  one  or  more  of  the  implicit  assumptions  of  the  method  of 
Buscheck  and  Alcantar  (1995)  have  not  been  met: 

•  Well  #4,  and  wells  A39L010PZ  and  A39L012PZ  may  not  actually  lie  along  a  single 
flowpath; 

•  Volatile  organic  chemicals  detected  in  wells  A39L010PZ,  A39L012PZ,  and  Well  #4 
originated  at  different  sources;  or 

.  Contaminant  migration  and  contaminant  distribution  in  this  part  of  the  groundwater  system 
does  not  occur  as  a  result  of  advective-dispersive  mechanisms. 

F4.0  APPLICATION  OF  HISTORY  MATCHING  TO  ESTIMATION  OF  CHEMICAL 
REMOVAL  RATES 

F4.1  Initial  Conditions  and  Assumptions 

The  method  of  Buscheck  and  Alcantar  requires  that  the  chemical  suites  and  concentrations  in 
groundwater  near  two  or  more  monitoring  points  be  related  by  having  a  common  source  of 
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chemicals,  and  by  lying  along  a  single  flowpath,  originating  at  the  source,  along  which  the 
groundwater  flow  velocity  is  well-defined  and  constant  (chemical  concentrations  are  related  by 
distance  and  time).  In  situations  where  the  necessary  relationships  among  several  monitoring 
points  are  not  defined  or  do  not  exist,  the  self-similarity  of  the  suites  and  concentrations  of 
chemicals  in  groundwater  near  a  single  monitoring  point,  through  time,  may  be  greater  than  the 
similarities  among  the  suites  and  concentrations  of  chemicals  in  groundwater  near  several, 
spatially-separated  monitoring  points  at  a  single  point  in  time.  This  means  that  the  changes  in 
composition  and  chemical  concentrations  in  groundwater  at  a  particular  location  through  time 
may  depend  more  strongly  on  previous  conditions  at  that  location,  than  on  conditions  at  other 
locations  in  the  groundwater  system.  In  the  absence  of  significant  mass  loss  resulting  from 
processes  other  than  chemical  degradation  (e.g.,  advection),  this  situation  is  equivalent  to  a  large- 
scale,  in-situ  microcosm;  and  periodic  groundwater  monitoring  events  can  be  regarded  as 
samples  collected  to  track  the  progress  of  the  microcosm  in  degrading  chemicals  through  time. 
Therefore,  as  an  alternative  to  direct  calculation  (Section  F  2.0)  or  application  of  the  method  of 
Buscheck  and  Alcantar  (1995;  Section  F  3.0),  the  sequential  degradation  of  TCE  in  groundwater 
at  a  single  monitoring  location  (the  “ in-situ  microcosm”),  through  its  chain  of  daughter  products 
to  complete  mineralization  of  vinyl  chloride,  could  be  represented  by  a  system  of  differential 
equations,  one  equation  (similar  to  Equation  F-3)  per  degradation  step  (TCE  to  DCE  isomers, 
DCE  to  vinyl  chloride,  and  so  on).  This  would  result  in  a  system  of  three  differential  equations, 
with  five  unknown,  independent  variables: 

•  Three,  first-order  degradation  rate  constants, 

•  The  initial  concentration  of  TCE  in  groundwater  beneath  chemical  discharge  areas,  and 

•  The  time  t  since  TCE  was  originally  introduced  to  groundwater. 

The  history  of  solvent  use  on  the  Base  suggests  that  chemical  discharge  probably  occurred 
over  a  relatively  long  period  of  time;  chemicals  were  discharged  in  unknown,  but  probably 
different  quantities  at  several  different  locations;  the  soils  at  each  discharge  site  served  as  a 
source  for  continuing  contribution  of  chemicals  to  groundwater  through  unknown  periods  of 
time;  and  the  rates  of  dispersal  of  volatile  organic  chemicals  to  groundwater  varied  among  the 
discharge  sites,  because  of  variations  in  quantities  of-  chemicals,  depth  of  discharge,  and 
composition  of  the  local  soil.  As  a  consequence,  neither  the  initial  concentration  of  TCE  in 
groundwater  at  each  discharge  site,  nor  the  time  elapsed  since  the  introduction  of  TCE  to 
groundwater,  can  be  precisely  quantified.  The  system  of  equations,  represented  by  Equation  F-3 
(above),  is  therefore  indeterminate,  and  cannot  be  solved  directly. 

However,  if  several  simplifying  assumptions  are  made,  the  relative  proportions  of  historic 
concentrations  of  TCE  and  its  daughter  products  at  individual  monitoring  points  can  be  used  to 
generate  estimates  of  the  ranges  of  first-order  degradation  rate  constants  that  could  have 
produced  the  observed  chemical  concentrations.  The  assumptions  that  were  made,  for  the 
purpose  of  estimating  degradation  rate  constants,  are  as  follow: 

•  TCE  was  assumed  to  be  only  chemical,  initially  present  in  groundwater,  and  was 
introduced  as  a  single  "slug",  on  January  1,  1960.  This  is  near  the  beginning  of  the 
suspected  history  of  TCE  use  at  the  Base,  and  is  in  the  time  frame  within  which  TCE  may 
have  been  introduced  to  groundwater  in  the  800  and  2500  Areas  (about  1960  through  the 
early  to  mid-1980s;  refer  to  Section  1  of  the  report).  This  is  "conservative,"  in  that  if  TCE 
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were  introduced  to  groundwater  at  a  date  later  than  January  1,  1960,  less  time  would  be 
available  to  degrade  TCE  and  daughter  products,  and  a  faster  rate  estimate  would  result. 

•  The  degradation  of  TCE,  through  its  chain  of  daughter  products,  was  assumed  to  proceed 
as  a  series  of  first-order  degradation  reactions  (Equations  F-l  and  F-3,  above). 

•  Removal  of  TCE  and  daughter  products  from  the  groundwater  system,  via  mechanisms 
other  than  chemical  decay  (volatilization,  advection,  diffusion),  was  assumed  to  be 
minimal.  This  assumption  is  in  accordance  with  the  observation  that  diffusion  is  probably 
the  primary  mechanism  of  dissolved-phase  chemical  transport  in  the  subsurface  (Appendix 
D).  The  rates  of  chemical  removal  estimated  to  result  from  diffusive  transport  beneath  SS- 
45,  England  AFB,  are  several  orders  of  magnitude  lower  than  the  possible  ranges  of 
chemical  removal,  resulting  from  chemical  decay,  indicating  that  under  most 
circumstances,  chemical  removal  via  diffusion  mechanisms  can  be  neglected  (subsequent 
sections). 

For  simplicity,  TCE,  DCE  isomers,  and  vinyl  chloride  were  assumed  to  be  the  only  chemicals 
present  in  the  groundwater  system.  (Because  all  of  the  DCE  isomers  can  be  generated  by 
degradation  of  TCE,  and  all  of  the  DCE  isomers  will  eventually  degrade  to  vinyl  chloride,  the 
concentrations  of  1,1 -DCE,  cis-l,2-DCE,  and  trans-l,2-DCE,  detected  in  the  groundwater  sample 
collected  from  a  particular  well  during  each  sampling  event,  were  summed  to  produce  a 
concentration  of  "total  DCE  isomers"  for  that  event). 

It  was  also  necessary  to  estimate  the  initial  concentrations  of  TCE,  present  in  groundwater  at, 
and  near,  chemical  source  areas.  The  historic  concentrations  of  TCE,  DCE  isomers,  and  vinyl 
chloride,  detected  in  groundwater  samples  from  wells  A39L009PZ  and  SS45L001MW  were 
assumed  to  be  representative  of  the  concentrations  of  chemicals  in  groundwater  near  chemical 
sources  in  the  800  Area;  and  the  historic  concentrations  of  DCE  isomers  and  vinyl  chloride, 
detected  in  groundwater  samples  from  wells  A39L010PZ,  and  A39L011PZ  were  assumed  to  be 
representative  of  the  concentrations  of  chemicals  in  groundwater  near  chemical  sources  in  the 
2500  Area.  These  wells  were  selected  because  they  have  the  most  extensive  monitoring  records 
at  Site  SS-45,  England  AFB,  have  historically  been  associated  with  the  highest  concentrations  of 
volatile  organic  chemicals  detected  at  Site  SS-45,  or  both. 

The  total  molar  concentration  of  chlorinated  hydrocarbons  detected  in  the  groundwater  sample 
from  well  A39L010PZ  in  the  2500  Area  at  the  beginning  of  monitoring,  in  June  1996  (about  31 
pg/L  of  cis-l,2-DCE,  140  pg/L  of  trans-l,2-DCE,  and  1,260  pg/L  of  vinyl  chloride;  Table  F.l) 
was  about  21.9  pmol/L.  The  total  molar  concentration  represents  the  concentrations  of  TCE 
daughter  products  that  could  be  produced  by  completely  degrading  an  initial  concentration  of 
TCE  in  water  (21.9  pmol/L)  equivalent  to  about  3,000  pg/L  (Table  F.l).  This  does  not  account 
for  any  additional,  equivalent  mass  of  TCE  that  may  have  been  removed  from  the  system  as  a 
result  of  complete  mineralization.  For  the  purposes  of  estimating  degradation  rate  constants,  the 
initial  concentration  of  TCE  in  groundwater,  near  well  A39L010PZ,  was  therefore  assumed  to  be 
21.9  pmol/L  (a  mass-based  initial  concentration  of  about  3,000  pg/L  of  TCE). 

Note  that  the  estimated,  initial  concentration  of  TCE  in  groundwater  is  the  minimum 
concentration  required  to  produce  the  observed  concentrations  of  TCE  daughter  compounds  in 
the  groundwater  sample  from  well  A39L010PZ  -  a  total  concentration  of  at  least  21.9  pmol/L 
(3,000  pg/L)  of  TCE  must  have  been  introduced  to  the  groundwater  system  at  this  location. 
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Furthermore,  the  assumptions  regarding  the  initial  equivalent  mass  of  TCE,  its  introduction  as  a 
single  slug  at  that  concentration,  and  the  date  of  introduction  (January  1,  1960)  are  all  extremely 
conservative,  in  that  application  of  these  assumptions  produces  estimates  of  first-order  decay  rate 
constants  that  are  lower  than  would  result  if  other  assumptions  were  used.  For  example,  if  TCE 
were  introduced  to  the  groundwater  system  at  an  initial  concentration  greater  than  3,000  pg/L, 
degradation  of  TCE  and  all  of  its  daughters  would  have  to  proceed  at  a  faster  rate  to  remove  all 
of  the  TCE,  and  generate  the  observed  concentrations  of  daughter  compounds,  than  the  rate 
calculated  assuming  an  initial  concentration  of  3,000  pg/L.  Similarly,  if  TCE  were  introduced  to 
groundwater  at  a  date  later  than  January  1,  1960,  at  a  concentration  of  3,000  pg/L,  less  time 
would  be  available  to  degrade  the  TCE  and  daughter  products,  generating  the  observed  daughter- 
product  concentrations;  and  again,  a  faster  rate  estimate  would  result.  As  a  final  possibility,  TCE 
could  have  been  continuously  introduced  to  groundwater  at  this  location  at  much  lower 
concentrations  over  an  extended  period  of  time,  with  the  resulting  total  concentration  of  TCE 
daughter  products  equaling  21.9  pmol/L  (equivalent  to  3,000  pg/L  of  TCE).  Again,  however,  if 
TCE  were  introduced  to  groundwater  over  an  extended  period,  faster  degradation  rate  constants 
are  required  to  degrade  TCE  and  daughter  products  than  would  be  required  if  TCE  were 
introduced  as  a  single  “slug”,  because  otherwise  TCE  daughter  products  tend  to  accumulate,  and 
the  calculated  daughter-product  concentrations  do  not  match  the  concentrations  that  have 
historically  been  detected  in  groundwater  samples  from  this  well. 

(Although  ethene,  a  possible  daughter  product  of  the  degradation  of  TCE,  was  detected  in 
groundwater  samples  from  well  A39L010PZ,  the  molar  concentrations  of  ethene  were  not  used 
in  estimating  the  equivalent,  initial  concentration  of  TCE  that  might  have  produced  TCE 
daughter  products.  This  is  because  ethene  has  by  far  the  highest  Henry’s  Law  constant  and 
molecular  diffusion  coefficient  of  any  of  the  TCE  daughter  products,  indicating  that  ethene  can 
readily  migrate  in  the  subsurface  in  the  volatile  phase  or  via  diffusive  mechanisms. 
Consequently,  it  is  not  certain  that  ethene,  detected  in  groundwater  at  a  particular  location,  was 
generated  as  a  consequence  of  TCE  or  daughter  compound  degradation,  occurring  at  that 
location.  Therefore,  ethene  is  regarded  as  a  qualitative  indicator  of  the  occurrence  of 
dehalogenation  processes,  but  was  not  used  in  calculations  that  rely  on  reaction  stoichiometry.) 

The  total  molar  concentration  of  chlorinated  hydrocarbons  detected  in  the  groundwater  sample 
from  well  A39L01 1PZ  in  the  2500  Area  at  the  beginning  of  monitoring,  in  June  1996  (about  0.8 
pg/L  of  1,1-DCE,  about  479  pg/L  of  cis-l,2-DCE,  and  7.4  pg/L  of  vinyl  chloride;  Table  F.l)  was 
about  5.1  pmol/L.  The  total  molar  concentration  represents  the  concentrations  of  TCE  daughter 
products  that  could  be  produced  by  completely  degrading  an  initial  concentration  of  TCE  in 
water  (5.1  pmol/L)  equivalent  to  about  700  pg/L  (Table  F.l).  Therefore,  for  the  purposes  of 
estimating  degradation  rate  constants,  the  initial  concentration  of  TCE  in  groundwater,  near  well 
A39L011PZ,  was  assumed  to  be  5.1  pmol/L  (a  mass-based  initial  concentration  of  about  700 
pg/L  of  TCE). 

The  total  molar  concentration  of  chlorinated  hydrocarbons  detected  in  the  groundwater  sample 
from  well  A39L009PZ  in  the  800  Area,  during  the  first  sampling  event  that  included  this  well,  in 
June  1997  (about  36  pg/L  of  TCE,  about  80  pg/L  of  cis-l,2-DCE,  and  4.6  pg/L  of  trans-1,2- 
DCE;  Table  F.l)  was  about  1.15  pmol/L.  The  total  molar  concentration  represents  the 
concentrations  of  TCE  daughter  products  that  could  be  produced  by  completely  degrading  an 
initial  concentration  of  TCE  in  water  (1.15  pmol/L)  equivalent  to  about  151  pg/L  (Table  F.l). 
For  the  purposes  of  estimating  degradation  rate  constants,  the  initial  concentration  of  TCE  in 
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groundwater,  near  well  A39L009PZ,  was  therefore  assumed  to  be  1.15  pmol/L  (a  mass-based 
initial  concentration  of  about  151  pg/L  of  TCE). 

The  total  molar  concentration  of  chlorinated  hydrocarbons  detected  in  the  groundwater  sample 
from  well  SS45L001MW  in  the  800  Area,  during  the  first  sampling  event  that  included  this  well, 
in  June  1997  (about  451  pg/L  of  TCE,  about  0.5pg/L  of  1,1-DCE,  4  pg/L  of  cis-l,2-DCE,  0.3JQ 
pg/L  of  trans-l,2-DCE,  and  0.5JQ  pg/L  of  vinyl  chloride;  Table  F.l)  was  about  3.5  pmol/L. 
This  was  the  lowest  total  molar  concentration  of  chlorinated  hydrocarbons  that  has  historically 
been  detected  in  groundwater  samples  from  well  SS45L001MW.  By  contrast,  the  total  molar 
concentration  of  chlorinated  hydrocarbons  detected  in  the  groundwater  sample,  collected  in 
September  1997,  was  about  5.5  pmol/L.  It  seems  prudent  to  assume  that  the  higher 
concentration,  detected  in  the  September  1997  groundwater  sample,  is  more  likely  to  represent 
the  initial  chemical  concentration.  Therefore,  the  initial  equivalent  concentration  of  TCE  in 
groundwater  near  well  SS45L001MW  was  assumed  to  be  5.5  pmol/L  (a  mass-based  initial 
concentration  of  about  750  pg/L  of  TCE). 

For  the  purposes  of  the  calculations,  TCE  was  assumed  to  be  instantaneously  introduced  to 
groundwater  as  a  single  "slug",  at  a  fixed,  initial  concentration  (21.9  pmol/L  at  well  A39L010PZ; 
5.1  pmol/L  at  well  A39L011PZ;  1.15  pmol/L  at  well  A39L009PZ;  and  7.5  pmol/L  at  well 
SS45L001MW;  Table  F-l).  As  TCE  continues  to  degrade  in  the  subsurface,  following  its  initial 
introduction,  then  the  concentrations  of  TCE  in  groundwater  near  each  of  the  wells  will  decrease, 
because  the  calculations  assume  that  no  additional  TCE  will  move  from  soil  in  areas  where  TCE 
was  discharged,  to  groundwater.  We  then  used  the  known  characteristics  of  the  degradation 
pathway  to  estimate  the  degradation  rates  of  TCE  and  its  daughters.  As  TCE  degrades,  it  is 
converted  to  DCE  isomers;  and  the  DCE  isomers,  in  turn,  degrade  to  vinyl  chloride,  which 
volatilizes  or  is  mineralized. 

F4.2  Estimation  of  Rate  of  Chemical  Removal 

Systems  of  equations,  containing  several  variables  (such  as  Equation  F-3,  above),  are 
conveniently  evaluated  using  an  electronic  spreadsheet.  The  spreadsheets  were  constructed  so 
that  chemical  degradation  proceeded  through  the  sequence  presented  conceptually  in  Equation  F- 
3,  using  first-order  degradation  reactions  (Equation  F-l),  and  are  structured  so  that  the 
independent  variables  (initial  concentrations,  beginning  time,  rate  constants)  can  be  readily 
changed.  This  allows  the  results  associated  with  different  initial  conditions,  and  different  sets  of 
rate  constants,  to  be  easily  evaluated.  The  results  of  calculations  are  presented  graphically  in  the 
spreadsheets,  and  are  displayed  with  the  historical  results  of  analyses  of  groundwater  samples 
from  wells  A39L010PZ,  A39L011PZ,  A39L009PZ,  and  SS45L001MW,  so  that  the  similarities 
and  differences  between  calculations  and  historical  results  are  readily  apparent. 

The  objective  of  the  history-matching  calculations  was  to  obtain  estimates  of  first-order 
degradation  rate  constants  for  TCE  and  its  daughter  products,  by  adjusting  the  values  of  the 
degradation  rate  constants  so  that  introduction  of  TCE  in  a  single  “slug”,  at  an  assumed,  initial 
concentration  equivalent  to  the  total  molar  concentration  of  TCE  and  daughter  products,  on 
January  1,  1960,  would  produce  the  concentrations  of  TCE  and  daughter  products,  detected  in 
groundwater  samples  from  a  particular  well  during  historic  sampling  events.  Estimation  of  first- 
order  rate  constants  for  TCE  and  its  daughters  using  this  method  is  constrained  by  the  following 
observations: 
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•  First-order  degradation,  operating  over  a  long  period  of  time,  has  established  characteristic 
relative  concentrations  of  TCE  and  its  daughter  products  ("quasi-steady-state" 
concentrations).  As  degradation  proceeds,  those  relative  concentrations  should  remain 
approximately  constant  (Figures  F.8  and  F.9). 

•  Groundwater  that  contains  TCE  also  generally  contains  DCE  isomers;  and  the 
concentrations  of  DCE  are  relatively  stable,  or  decreasing  through  time  (e.g,  groundwater 
samples  from  wells  A39L009PZ  and  SS45L001MW  in  the  800  Area;  Table  F.l).  This 
indicates  that  the  rate  of  degradation  of  TCE  to  DCE  isomers  is  approximately  the  same  as 
the  rate  of  degradation  of  DCE  isomers  to  vinyl  chloride.  If  the  rate  of  TCE  degradation 
were  appreciably  faster  (orders  of  magnitude)  than  the  rate  of  DCE  degradation,  DCE 
would  tend  to  accumulate  in  the  system  (DCE  concentrations  would  increase  dramatically); 
whereas  if  the  rate  of  TCE  degradation  were  appreciably  slower  than  the  rate  of  DCE 
degradation,  DCE  would  probably  not  be  detected  (because  a  molecule  of  DCE  would 
degrade  relatively  quickly  after  its  generation  from  TCE). 

•  With  the  exception  of  groundwater  samples  from  well  A39L010PZ,  groundwater  that 
contains  DCE  isomers  contains  much  lower  (often,  non-detectable)  molar  concentrations  of 
vinyl  chloride.  This  indicates  that  in  most  areas,  the  rate  of  degradation  of  DCE  isomers  to 
vinyl  chloride  is  approximately  the  same  as,  or  somewhat  slower  than  the  rate  of 
degradation  of  vinyl  chloride. 

•  TCE  has  not  been  detected  in  groundwater  samples  from  wells  A39L010PZ  and 
A39L011PZ,  in  the  2500  Area.  Therefore,  for  calculations  involving  the  monitoring 
history  of  these  wells,  the  first-order  rate  constant  for  degradation  of  TCE  to  DCE  was 
adjusted  so  that  introduction  of  TCE  at  the  initial  concentration  assumed  for  these  two 
wells  produced  calculated,  non-detectable  concentrations  of  TCE  (assumed  to  be  0.5  pg/L) 
immediately  prior  to  the  first  sampling  event  recorded  for  these  two  wells  (in  mid-year 
1996). 

•  No  additional  chemical  mass  was  assumed  to  be  introduced  to  groundwater,  following  the 
initial  introduction  of  chemicals.  It  is  therefore  unlikely  that  rapid  increases  in  absolute 
chemical  concentrations,  or  rapid  changes  in  relative  concentrations,-  would  occur,  as 
chemical  degradation  proceeds.  A  degradation  path,  as  shown  in  Figure  F.10,  which  could 
result  if  the  degradation  of  one  daughter  product  (e.g.,  cis-l,2-DCE)  proceeded  at  a  much 
slower  rate  than  other  chemicals,  produces  a  persistent  increase  in  the  absolute  concentra¬ 
tion  of  the  resistant  daughter  product,  and  in  addition  prevents  a  match  in  calculated  and 
observed  concentrations  for  the  resistant  daughter  product  (e.g.,  cis-l,2-DCE),  and 
subsequently-generated  daughters  (e.g.,  vinyl  chloride).  In  view  of  the  historic,  relative 
concentrations  of  TCE  and  its  daughters,  detected  in  groundwater  samples,  such  an 
occurrence  is  highly  unlikely. 

These  constraints  limit  the  possible  first-order  rate  constants  for  degradation  of  TCE  and  its 
daughters  to  a  fairly  narrow  range.  The  ranges  of  possible  degradation  rate  constants,  estimated 
using  the  historic  relative  concentrations  of  TCE  and  its  daughters  are  presented  in  Table  F.3. 
The  ranges  reported  for  TCE  and  its  daughters  represent  those  values  of  first-order  rate  constants, 
which  produced  results  that  appeared  to  be  acceptable,  when  compared  with  historic,  relative 
concentrations  of  chemicals  in  detected  samples  from  wells  A39L010PZ,  A39L011PZ, 
A39L009PZ,  and  SS45L001MW. 
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The  first-order  rate  constants,  developed  in  these  calculations,  are  representative  of  ranges, 
reported  for  TCE,  DCE  isomers,  and  vinyl  chloride,  in  the  literature  (Table  F.3;  Anthony  et  al., 
1997;  Dragun,  1988;  Sivavec  and  Homey,  1995;  Wilson  et  al,  1994;  Wiedemeier  et  al.,  1999). 
It  must  be  recognized  that,  although  some  uncertainty  is  associated  with  these  estimates,  the 
estimated  degradation  rates  are  consistent  with  current  knowledge  of  the  discharge  history  of 
TCE  on  the  Base,  and  with  the  relative  concentrations  of  TCE  and  its  daughter  products,  detected 
in  groundwater  samples  from  the  800  and  2500  Areas,  Site  SS-45. 

F5.0  HISTORY  MATCHING  WITH  GEOCHEMICAL  MODEL 


The  curve-matching  technique  used  with  Equation  F-3  (above)  to  estimate  ranges  of 
degradation  rates  for  TCE  and  its  “daughter  products”  considers  only  the  concentrations  of 
chemicals  in  the  aqueous  phase.  However,  as  a  consequence  of  sorption  reactions  (Appendix  D), 
chemicals  in  the  subsurface  actually  exist  in  two  phases  -  dissolved  and  sorbed  to  soil. 
Consideration  of  the  fate  of  TCE  and  its  daughter  products  in  the  dissolved  phase  alone  may 
overly  simplify  the  representation  of  the  processes  occurring  during  chemical  degradation. 
Because  several  TCE  daughter  products  (each  species  having  different  chemical  properties)  can 
be  generated  during  the  degradation  of  TCE,  it  is  necessary  to  consider  the  sorption  and 
degradation  mechanisms  affecting  TCE  and  its  daughters  in  greater  detail  than  allowed  by  simple 
calculations  that  utilize  Equation  F-3,  to  properly  evaluate  the  ultimate  fate  of  these  constituents 
in  the  subsurface.  Accordingly,  a  series  of  kinetic-based  geochemical  calculations  was 
completed,  to  refine  the  estimate  of  ranges  of  degradation  rates,  that  are  acting  to  remove 
chemical  mass  from  groundwater.  The  system  of  differential  equations  ("model"),  used  in  the 
calculations,  depicts  the  changes  in  chemical  concentrations  through  time  in  groundwater,  within 
a  two-phase  system  (soil  and  groundwater)  in  which  sorption  and  chemical  degradation  both 
occur.  The  model  simulates  the  sequential  degradation  of  TCE  to  the  dichloroethene  isomers 
(DCE),  DCE  to  vinyl  chloride,  and  finally  vinyl  chloride  to  ethene,  carbon  dioxide,  hydrogen 
gas,  and  water. 

The  kinetic-based  model  was  initially  formulated  to  simulate  the  following  series  of  reactions: 

TCE  soil  <-7^^  TCEwater 
krcE 


DCE  soil  DCEwa,er 

kDCE 


VC  <—  -XCL  yr< 

Y  ^  soil  water 

kvc 


Complete  Mineralization 


S:\ES\WP\PROJECTS\730486\England\Appendix  F  -  fmal.doc 


F-28 


where 


TCEsoil  =  effective  concentration  of  TCE  (in  soil  in  contact  with  1  liter  of  water) 
[M/L3], 

TCEwater  -  concentration  of  TCE  in  water  [M/L3], 

kTCE  —  mass-transfer  coefficient  of  TCE  from  soil  to  water  ("forward  mass-transfer 
coefficient")  [T1], 

k  TCE  =  mass-transfer  coefficient  of  TCE  from  water  to  soil  ("reverse  mass-transfer 
coefficient")  [T1], 

H tce-dce  =  rate  constant  for  degradation  of  TCE  to  DCE  [T'1]. 

Because  one  mole  of  TCE  will  degrade  to  one  mole  of  DCE  isomers,  and,  eventually,  one 
mole  of  vinyl  chloride,  use  of  molar  chemical  concentrations  (Equation  F-2),  rather  than  mass- 
based  concentrations,  allows  the  amounts  of  chemicals  produced  (or  removed)  during 
degradation  and  sorption  reactions  to  be  compared  directly. 

F5.1  DESCRIPTION  OF  MODEL  STRUCTURE  1 

F5.1.1  Geochemical  Processes  in  Reaction  Model 

In  geochemical  calculations  involving  sorbed  and  dissolved  phases,  the  equivalent 
concentration  of  TCE  is  used  to  represent  the  concentration  of  TCE  in  soil,  to  properly  account 
for  the  total  mass  of  TCE  in  the  two-phase  system.  The  equivalent  concentration  of  TCE  in  soil 
is  defined  to  be  the  mass  of  TCE  in  soil  that  is  in  "contact"  with  one  liter  of  water,  and  is  thus 
available  to  be  dissolved.  At  the  beginning  of  a  simulation  (time  equal  to  0),  the  equivalent 
concentration  of  TCE  in  soil  is 


[  TCE  sou  J  =  f  TCE  waler  J  x  x  KTdCE  ,  '  F-7 

\ne 

where, 

p  =  bulk  density  of  the  soil  [M/L3], 

ne  =  effective  porosity  [  ],  and 

K/CE  =  distribution  coefficient  for  TCE  [L3/M]. 


Emphasis  in  this  discussion  is  placed  on  TCE,  but  the  processes,  reaction  mechanics  and  parameters  discussed  for  TCE 
also  apply  to  the  daughter  products  in  the  reaction  chain  (DCE  isomers  and  vinyl  chloride). 
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As  illustrated  graphically  in  Equation  F-6,  TCE  adsorbed  to  soil  ( TCEsoil )  is  released  to  the 
dissolved  phase  ( TCEwater ),  at  a  rate  controlled  by  the  value  of  the  forward  mass-transfer 
coefficient  (Af).  TCE  in  the  dissolved  phase  (water)  can  partition  to  soil,  at  a  rate  controlled  by 
the  value  of  the  reverse  mass-transfer  coefficient  (A:').  The  exchange  of  a  compound  between  the 
sorbed  and  dissolved  phases  is  assumed  to  be  rapid,  so  that  equilibrium  is  maintained.  This  is  a 
consequence  of  the  principle  of  detailed  balancing,  which  states  that  at  equilibrium,  the  rates  of 
forward  and  reverse  microscopic  processes  (e.g.,  adsorption  and  desorption  reactions)  are  equal 
(Lasaga,  1981).  Thus,  when  TCE  concentrations  are  in  equilibrium  between  the  sorbed  and 
dissolved  phases,  the  rate  of  release  of  TCE  from  soil  into  water,  and  the  rate  of  sorption  of  TCE 
from  water  to  soil,  are  equal: 


Ictce  [  TCEsoii  ]  krcE  [  TCE 


water 


]■ 
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Collectively,  k+  and  K  are  referred  to  as  the  set  of  mass-transfer  coefficients. 

The  calculation  of  Af  for  the  general  case  is  a  consequence  of  the  principle  of  detailed 
balancing  (Equations  F-7  and  F-8): 


k'  = 


k+  x 


P 

—  x  Kd 
\ne  J 
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Equilibrium  is  assumed  to  occur  under  static  or  near-static  flow  conditions.  Given  the 
extremely  low  velocity  of  groundwater  flow  beneath  the  Base,  under  natural  conditions 
(Appendix  D  and  Section  3.4  of  the  CMS  report),  the  assumption  that  chemical  concentrations 
are  at  equilibrium,  between  soil  and  groundwater,  is  justified.  In  model  calculations,  equilibrium 
is  maintained,  even  under  conditions  of  moderate  flow  velocities,  by  using  large  ("fast")  values 
of  k  ,  so  that  the  rate  of  desorption  is  rapid,  relative  to  the  rate  of  water  flux  through  the  system. 
In  situations  where  ( [p/nj  xKd )  is  greater  than  1.0,  the  rate  of  adsorption,  controlled  by  the  value 
of  k',  will  be  even  faster  than  the  rate  of  desorption,  controlled  by  A+.  If  large  mass-transfer 
coefficients  are  used  to  describe  the  desorption  and  adsorption  reactions,  producing  rapid  mass- 
transfer  rates,  the  slight  changes  in  mass  of  TCE  caused  by  mass  losses  resulting  from  chemical 
degradation  and  advection  or  diffusion  are  quickly  accommodated  and  a  new  equilibrium 
condition  is  established. 

The  rate  of  degradation  of  TCE  is  controlled  by  the  value  of  PTCEJ)CE-  In  keeping  with 
previous  discussions  concerning  naturally-occurring  chemical  degradation  (Appendix  D  and 
preceding  sections  of  Appendix  F),  the  sorption  and  degradation  reactions  in  the  geochemical 
model  depicted  above  are  assumed  to  be  first-order  processes.  Thus,  the  amount  of  mass  moving 
between  phases  (or  degrading)  is  a  function  of  the  concentration  (or  mass)  in  each  phase. 

TCE  in  both  phases  (sorbed  and  dissolved)  is  assumed  to  be  available  for  degradation  to  DCE. 
As  an  alternative,  a  two-phase  model  could  be  constructed,  in  which  chemical  degradation  in  the 
solid  phase  does  not  occur.  This  is  the  computational  equivalent  of  the  two-phase  model  with 
degradation  in  the  solid  phase,  as  long  as  the  rate  constants  used  in  the  alternative  two-phase 
system  are  adjusted,  to  approximate  the  "true"  rate  constants,  estimated  for  the  actual  system  that 
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the  model  simulates.  This  concept  is  examined  in  detail  in  subsequent  sections.  After  both 
approaches  were  evaluated  separately,  it  became  apparent  that  they  produced  the  same  results. 

F5.1.2  Reaction  Constants  and  Observed  Concentrations 

The  rate  constants  that  describe  chemical  degradation  were  initially  estimated  based  on  the 
proportional  concentrations  of  TCE  and  its  daughter  products  in  the  aqueous  phase 
(groundwater)  only  (preceding  sections).  These  initial  estimates  did  not  directly  consider  the  role 
of  rapid  partitioning  between  the  sorbed  and  aqueous  phases. 

Any  geochemical  model  that  includes  partitioning  reactions  may  require  adjustment  to  include 
the  effects  of  the  partitioning  reactions.  This  can  be  illustrated  by  considering  two  different 
geochemical  systems.  The  first  system  consists  of  one  liter  of  water,  containing  TCE  at  an  initial 
concentration  of  1 .0  mg/L.  At  the  end  of  one  year,  the  concentration  in  the  aqueous  phase  has 
changed  from  1.0  mg/L  to  0.367  mg/L  (0.63  mg  of  TCE  was  removed  from  the  system  through 
chemical  degradation).  If  a  first-order  degradation  relationship  is  assumed  (Appendix  D),  the 
degradation  rate  can  be  calculated  using: 


C final  C  initial  ^  & 


■M' 


F-10 


where 

C final  =  concentration  of  TCE  in  water  at  the  end  of  time  t  (0.367  mg/L), 

^-'initial  =  initial  concentration  of  TCE  in  water  (1.0  mg/L),  and 
H  =  first-order  rate  constant  [1/T]. 

For  the  one-phase  system  described  above,  the  first-order  degradation  rate  constant  is 
calculated  to  be  1  year"1. 

The  second  system  consists  of  two  phases:  one  liter  of  water  that  contains  TCE  at  a 
concentration  of  1.0  mg/L,  and  a  mass  of  soil  that  is  completely  in  contact  with  the  liter  of  water. 
For  illustrative  purposes,  we  assume  that  the  value  of  (Jp/nJ  x  Kd)  for  the  soil  is  5,  and  the 
concentrations  of  TCE  in  the  two  phases  are  in  equilibrium.  Therefore,  the  total  mass  of  TCE  in 
the  system  is  6.0  mg  (1.0  mg  in  water,  and  5.0  mg  in  soil).  After  one  year,  the  concentration  in 
the  aqueous  phase  decreases  from  1.0  mg/L  to  0.367  mg/L.  The  first-order  degradation  rate 
constant  for  TCE  in  water  in  the  two-phase  system  is  calculated  to  be  1.0  year'1.  However, 
because  equilibrium  between  the  soil  and  water  phases  is  constantly  maintained,  the  mass  of 
TCE  in  soil  has  also  decreased,  from  5.0  mg  to  1.84  mg.  Therefore,  the  first-order  degradation 
rate  constant  for  TCE  in  the  sorbed  phase  is  also  1  year  " . 

The  total  mass  of  TCE  in  the  two-phase  system  (initially,  6.0  mg)  has  decreased  to  2.2  mg  in 
one  year.  Therefore,  a  total  mass  of  3.79  mg  of  TCE,  representing  0.63  mg  of  TCE  "originally" 
in  the  aqueous  phase,  and  3.16  mg  of  TCE  desorbed  from  the  solid  phase,  has  been  removed 
from  the  two-phase  system,  during  the  one-year  period.  Because  additional  TCE  was  initially 
present  in  the  sorbed  phase,  six  times  more  TCE  was  degraded  in  the  two-phase  system  during 
the  year,  than  was  degraded  in  the  one-phase  system,  during  the  same  time  period;  yet  the  first- 
order  rate  constants,  calculated  using  only  the  concentrations  observed  in  the  aqueous  phase,  are 
apparently  identical. 
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The  rate  constant  calculated  for  the  two-phase  system  represents  an  average  (or  overall)  rate 
constant  for  both  phases;  therefore,  it  is  necessary  to  include  a  step  to  account  for  degradation  of 
TCE  in  the  sorbed  phase.  If  degradation  does  not  actually  occur  in  the  sorbed  phase,  then 
because  the  rapid  partitioning  reactions  maintain  TCE  concentrations  in  equilibrium  between  the 
two  phases,  the  actual  rate  of  degradation  in  the  aqueous  phase  must  be  six  times  greater  than  the 
calculated  rate.  Therefore,  any  calculational  model  that  uses  observed  degradation  rates,  and 
which  assumes  that  all  chemical  degradation  occurs  only  in  the  aqueous  phase,  must  correct  for 
the  degradation  of  additional  chemical  mass  of  TCE  that  is  exchanged  from  the  solid  phase  into 
the  aqueous  phase. 

If  first-order  degradation  rate  constants,  calculated  using  aqueous-phase  concentrations,  are  to 
be  applied  to  the  kinetic  model,  the  effective  rate  of  chemical  degradation  throughout  the  entire 
two-phase  system  must  be  taken  into  account.  Two  equivalent  methods  can  be  used  to  correct 
for  the  effects  of  chemical  partitioning  in  the  model: 

•  adjust  the  rate  constants  that  control  the  rate  of  chemical  degradation  in  the  aqueous  phase; 
or 

•  permit  degradation  to  occur  in  both  phases. 

The  chemical  concentrations  and  mass-transfer  coefficients  in  the  computational  method  can 
be  referenced  to  the  aqueous  phase.  For  example,  in  a  two-phase  system,  the  concentration  of 
TCE  sorbed  to  soil  is  related  to  the  concentration  in  the  aqueous  phase  through  the  (Jp/nJ  x  Kd) 
term;  and  the  mass-transfer  coefficients  are  also  influenced  by  the  (Jp/nJ  x  Kd)  term.  To  correct 
the  observed  first-order  degradation  rate  constant  to  a  model  rate  constant,  the  observed  rate 
constant  is  multiplied  by  the  retardation  factor  (R),  where 


R  =  l  +  (—  x  Kd) 
ne 


F-ll 


The  retardation  factor  is  necessary  because  the  model  requires  an  equivalent  reaction  rate  for 
both  phases,  but  only  uses  the  rate  in  the  aqueous  phase.  The  single-phase  system  (aqueous 
phase  only)  is  then  a  limiting  case,  because  (Jp/nJ  x  Kd)  equals  0.0  (if  equals  1.0). 

The  chemical  concentrations  and  coefficients  in  the  computational  system  can  also  be 
referenced  to  the  sorbed  (solid)  phase,  as  follows.  For  each  chemical,  two  differential  equations 
were  developed  to  describe  the  set  of  reactions  presented  graphically  in  Equation  F-6.  The 
change  in  equivalent  concentration  of  TCE  in  soil  is  described  by 


<f_[  TCE  soil  J  =  _  k+  j-  TCEsgii  J  +  k-T  f  TCE  water  ]  ~  MtCE-DCE  f  TCE  soil  ]  F-12 

at 

and  the  change  in  concentration  of  TCE  in  water  is  described  by 
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d  [  TCE water  7  _ 

dt 


kf  [  TCE  soil  ]  ~  kf  [  TCEwater  ]  ~  MfCE-DCE  /"  TCEwater  ]  ■  F-13 


For  compounds  (e.g.,  DCE)  that  are  produced  by  the  degradation  of  a  parent  compound  (e.g., 
TCE),  an  additional  term  is  required  in  the  differential  equation,  to  account  for  the  contribution 
of  additional  mass  from  degradation  of  the  parent  compound.  The  change  in  DCE  concentration 
in  water  is  described  by 


d  [  D CE  water  ]  =  ^  j-  ^ ^  j  _  ^  j-  J  .  ^  ^  [ DCE  water] 

at 

M  TCE -DCE  [TCE  water]  » 


F-14 


and  DCE  reactions  in  the  sorbed  phase  are  comparable  to  TCE  reactions  in  the  sorbed  phase. 

F5.2  Chemical  Diffusion 

Calculation  of  the  Peclet  number  (the  ratio  of  mechanical  mixing  to  molecular  diffusion) 
describing  the  system  beneath  England  AFB  (Appendix  D)  indicates  that  dispersion  of  TCE  and 
its  daughter  products  in  groundwater  may  be  primarily  a  consequence  of  molecular  diffusion, 
rather  than  advective  transport  in  groundwater.  This  calculation  is  supported  by  the  general 
absence  of  well-defined  groundwater  flow  directions,  and  by  the  observation  that  the  areal 
distribution  of  TCE  and  daughter  products  in  groundwater  beneath  the  800  Area  and  2500  Area 
is  not  typical  of  plumes  that  result  from  advective  transport  (Section  4.4  of  the  report).  Well- 
defined  source  areas  do  not  exist;  rather,  relatively  higher  chemical  concentrations  in 
groundwater  at  some  locations  decline  gradually  with  distance  to  relatively  lower  concentrations, 
across  rather  broad  areas.  This  suggests  that  some  of  the  apparent  loss  of  chemical  mass 
occurring  beneath  the  800  Area  and  2500  Area  on  the  base  may  actually  be  due  to  chemical 
dispersion  resulting  from  diffusive  processes,  acting  on  chemicals  in  areas  of  relatively  higher 
concentration,  or  at  a  number  of  small,  areally-distributed  sources.  Therefore,  to  be  as 
representative  of  actual  conditions  as  possible,  mass  removal  resulting  from  chemical  diffusion 
should  also  be  accounted  for  in  the  model.  Conceptually,  mass  removal  resulting  from  chemical 


diffusion  can  be  represented  as  follows: 

TCE  sou  <-  ^  -» 

krcE 

TCE  water 

TCE  (Hjfusive  [oss 

- ► 

TCE  removed 

1  h 

^  TCE  -  DCE 

J,  p 

^  TCE  -  DCE 

DCE  sal  -> 

koCE 

DCE  water 

D  CE  diffusive  loss 

- ► 

DCE  removed 

^  DCE -VC 

i  F 

^  DCE  -  VC 
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V C  water 


VC  diffusive  loss 


VC  removed 


rc,M 


kvc 


▼  V 


VC -CM  v  VC -CM 

Complete  Mineralization 


► 


where 


TCE  , 

diffusive  loss 


rate  constant  for  diffusive  loss  of  TCE  from  the  system  [T1]. 


Chemical  diffusion  is  the  result  of  the  thermal  kinetic  energy  of  the  molecules,  which,  in  the 
presence  of  a  chemical  concentration  gradient,  produces  a  net  flux  of  dissolved-phase  chemical 
from  zones  of  relatively  higher  concentration  to  zones  of  generally  lower  concentration.  An 
expression  for  diffusive  flux  in  a  porous  medium 


where 


J  D 


ne  x  Dd  x 


ao 

dx 
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JD  =  diffusive  flux  of  dissolved  chemical  [M/L2/T], 

T>d  =  effective  chemical  diffusion  coefficient  [L2/T],  and 

dC/dx  =  chemical  concentration  gradient  [M/L4], 

can  be  derived  as  a  direct  consequence  of  Fick’s  first  law  (Gilham  and  Cherry,  1982).  Note  that 
in  this  formulation,  net  diffusive  flux  is  considered  to  be  the  mass  of  dissolved  chemical  passing 
through  a  unit  area  of  porous  medium  that  is  transverse  to  the  chemical  concentration  gradient, 
per  unit  time;  because  this  flux  represents  a  net  loss  of  chemical,  the  sense  (sign)  of  the  flux 

expression  is  negative.  Only  the  interconnected  pore  spaces  of  the  medium  are  capable  of 

transmitting  dissolved  chemical,  and  the  expression  therefore  incorporates  a  term  to  account  for 
effective  porosity  («„);  and  as  a  consequence  of  the  tortuous  diffusion  pathways  within  a  porous 
medium  and  the  existence  of  the  interface  between  solids  (soil  particles)  and  the  solution 
(groundwater  and  dissolved  chemical),  the  effective  diffusion  coefficient  is  a  property  of  both  the 
chemical  and  the  porous  medium,  and  is  generally  less  than  the  chemical  diffusion  coefficient  in 
free  solution. 


Using  particular  simplifying  assumptions,  it  is  possible  to  derive  an  expression  for  the  net 
diffusive  loss  of  chemical  mass  from  a  volume  of  water  containing  dissolved  chemical  at  a 
relatively  higher  concentration  to  a  volume  of  water  containing  chemical  at  a  relatively  lower 
concentration.  We  assume  that  a  uniform,  higher  concentration  (Q)  of  chemical,  initially  at  a 
concentration  of  C0,  is  contained  within  a  fully-saturated  cylindrical  volume  of  medium,  having 
radius  R  and  an  effective  porosity  ne  (Figure  F.l  1).  The  volume  of  water  at  higher  concentration 
(inside  the  cylinder)  is  separated  from  the  volume  at  lower  concentration  ( C2 ,  outside  the 
cylinder)  by  the  cylinder  wall,  of  area  2  X  7tX  R  x  h.  The  volume  outside  the  cylinder  is  very 
large  -  infinite,  in  fact,  so  that  the  bulk  concentration  of  chemical  outside  the  cylinder  ( C2 )  will 
remain  quasi-constant,  despite  the  diffusive  flux  of  chemical  from  within  the  cylinder  to  the 
outside.  The  chemical  concentration  outside  the  cylindrical  volume  is  initially  0 ;  after  some  long 
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period  of  time,  the  chemical  concentration  at  a  distance  /  from  the  center  of  the  cylinder  remains 
at  0,  so  that  the  expression  for  the  chemical  concentration  gradient  in  any  direction  from  the 
center  of  the  cylinder  (assuming  radial  symmetry)  is 


Concentration  gradient 


CtjzC i 
l-R 


Ci 

l-R 
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Note  that  this  formulation  is  conservative,  in  that  it  assumes  that  the  concentration  gradient 
remains  constant  through  time,  while  in  reality,  the  gradient  will  decrease  through  time  as  mass 
is  lost  from  the  cylinder  through  diffusive  migration. 

The  mass  balance  expression  for  the  change  in  mass  of  chemical  at  relatively  higher 
concentration  within  the  cylindrical  volume  is  (Trapp  and  Matthies,  1998) 


d_  m 
dt 


-  JD  x  A 


F-18 


where 


dmfdt  =  mass  loss  of  dissolved  chemical  moving  across  the  cylindrical  surface  of  area  A 
through  time  [M/T]. 

The  chemical  mass  dissolved  in  water  within  the  cylindrical  volume  is 


mi  =  Ci  x  Volume  of  Water  in  Cylinder  -  C\  x  tc  x  r2  xh  x 


ne 
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and  the  mass  balance  equation  (Equation  F-18)  therefore  becomes 


dm\  v  _  dC\ 


dt 


—  nE  X  Dd  X 


dx 


xA 
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=  2x  n  x  Rx  Hex  ddx 


-Ci 

l-R 
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Simplifying  the  equation  and  separating  variables  produces 


1 

- dCx 

Ci 


2  Dp 

Rx(l-R) 


dt  , 
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indicating  that  under  the  conditions  and  assumptions  described  above,  diffusive  mass  loss  is  a 
first-order  process,  similar  to  chemical  decay.  Integrating  and  solving  for  the  constant  of 
integration,  we  find  that  the  chemical  concentration  within  the  cylindrical  volume  changes 
through  time  as  a  result  of  diffusive  loss  of  chemical  mass  as 


C, 


Co  e 


—  Jr  f 

•  diffusion 


F-23 
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where 


2Dd 

Rx(l-R) 


F-24 


kdiffush 


Because  effective  chemical  diffusion  coefficients  are  generally  quite  small  (less  than  1 
cm2/day)  and  chemical  gradients  are  also  relatively  small,  as  a  consequence  of  the  large  diffusive 
travel  distances  under  field  conditions,  the  first-order  diffusive  mass-loss  coefficient  is  several 
orders  of  magnitude  smaller  than  the  first-order  chemical  degradation  rate  constant.  This 
indicates  that  under  most  situations,  degradation  processes  are  more  important  than  chemical 
diffusion  in  removing  chemicals  from  the  subsurface,  although  given  sufficient  time,  diffusive 
processes  are  capable  of  distributing  chemical  mass  across  broad  areas.  Nevertheless,  for  the 
sake  of  accuracy  and  completeness,  chemical  diffusion  losses  were  incorporated  into  the  kinetic 
model.  Because  this  formulation  of  diffusion  loss  (Equations  F-23  and  F-24)  is  a  first-order 
expression,  diffusion  loss  was  incorporated  into  the  set  of  reaction  equations  (Equations  F-12  and 
F-13)  in  a  manner  similar  to  chemical  decay  (although  diffusion  losses  were  assumed  to  occur 
only  in  the  aqueous  phase).  The  change  in  equivalent  concentration  of  TCE  in  soil,  considering 
mass  transfer  from  sorbed  and  dissolved  phases,  and  first-order  chemical  degradation,  is 
described  by 

±.[  TCE  sen  J  =_k,  j-  TCEsgi[  j  +  k-T  f  TCEwaler  ]  -  /uTCE_DCE  [  TCE  Soii  ]  F-25 


and  the  change  in  concentration  of  TCE  in  water,  considering  mass  transfer  from  sorbed  and 
dissolved  phases,  first-order  chemical  degradation,  and  first-order  diffusion  losses,  is  described 
by 


dJjC^wateJ  =  ^  [  J  _  ^  f  TC£water  ]  .  fi  [  TCE  water  ] 

cit 

—  k  TCE  diffusion  \tce  wafer]  j 


F-26 


with  similar  expressions  for  TCE  daughter  products  in  sorbed  and  aqueous  phases  (e.g.,  Equation 
F-14). 


F5.3  Chemical  Losses  Due  To  Advection  and  Pumping 

Under  certain  conditions,  it  may  be  necessary  to  consider  the  effects  of  pumping,  or  other 
types  of  advective  mass  removal  from  the  two-phase  system.  For  these  situations,  TCE  and 
daughter  products  dissolved  in  water  can  be  removed  from  the  system  by  advective  flow,  at  a  rate 
controlled  by  the  rate  of  water  movement  through  the  system  ( Vflow ),  in  accordance  with  the 
following  series  of  reactions: 
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TCEsoil  TCE  water 
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DCE  -  VC 


DCE  -  VC 


VC 


soil 


hl£-  VCwater 

kvc 


VC  diffusive  loss  V  flo 


How  VC  removed 

- ► 


VC  -  CM 


i  v- 

^  VC  -  CM 

Complete  Mineralization 


where 

V  =  volume  of  water  removed  from  system  per  unit  time  (as  pore  volumes)  [T1]. 

The  final  term  required  for  the  kinetic-based  calculations  is  thus  an  expression  for  the 
advective  removal  rate.  This  representation  of  the  system  assumes  that  mass  flux  out  of  the 
system,  due  to  pumping  or  advective  transport,  occurs  only  in  the  aqueous  phase,  and  also 
assumes  that  the  system  always  contains  one  unit  volume  of  water  (i.e.,  the  system  is  never 
"pumped  dry").  Consequently,  the  advective  (or  pumping)  removal  rate  can  be  represented  by  a 
term  for  rate  of  removal  of  water  (as  pore  volumes  per  unit  of  time).  The  change  in  equivalent 
concentration  of  TCE  in  soil,  considering  mass  transfer  from  sorbed  and  dissolved  phases,  and 
first-order  chemical  degradation,  is  then  described  by 


±J  TCE  soil]  =_k+T  [  TCEsoji  J  +  kr  [  TCEwater  ]  ~  P  TCE -DCE  f  TCE  soil  ]  F-28 


and  the  change  in  concentration  of  TCE  in  water,  considering  mass  transfer  from  sorbed  and 
dissolved  phases,  first-order  chemical  degradation,  and  first-order  diffusion  losses,  is  described 
by 


d_[  TCE  water]  =  £+  [  ^  ]  -  kT  [  TCEwater  ]  ~  V  TCE -DCE  l  TCE  water  J 

dt  F-29 

“  kjCE  diffusion  [ttC£*  water]  ~~  V  flow  [TCE  water\ 


F-38 
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The  resulting  set  of  six  differential  equations  was  solved  simultaneously,  using  a  fourth-order 
Runge-Kutta  method  (Rice,  1993).  The  original  solution  routine  was  written  in  BASIC. 

The  structure  of  the  computer  code  used  to  solve  the  system  of  differential  equations  allows 
different  scenarios  to  be  simulated  simply  by  modifying  the  input  files.  For  example,  a  one- 
phase  system  (water)  can  be  simulated  using  the  two-phase  code,  merely  by  setting  the  initial 
chemical  concentrations  in  soil,  and  the  values  of  the  forward  and  reverse  mass  transfer 
coefficients,  to  zero.  For  calculations  in  which  no  advective  mass  loss  or  pumping  is  assumed  to 
occur,  the  advective  flux  term  is  likewise  set  to  zero. 

For  calculations  in  which  degradation  was  assumed  not  to  occur  in  the  solid  phase,  the 
observed  first-order  chemical  degradation  rate  constants  were  converted  to  partitioning- adjusted 
rate  constants,  using  chemical-specific  values  for  retardation,  and  the  rate  constants  estimated 
from  observed  concentrations  (Table  F.4).  An  alternative  version  of  the  code  was  prepared,  to 
allow  chemical  degradation  in  the  solid  phase,  as  a  check  on  the  first  method.  The  results  of 
calculations,  completed  using  the  adjusted  aqueous-phase  rate  constants,  and  calculations  using 
the  observed  rate  constants  with  sorbed-phase  degradation,  were  the  same,  demonstrating  the 
equivalency  of  the  two  models. 

F5.4  MODEL  PARAMETERS 

F5.4.1  Physical  and  Chemical  Properties 

Geochemical  calculations  were  conducted  using  physical  and  chemical  parameters,  specific  to 
soils  on  England  AFB,  that  had  been  measured  or  estimated  during  the  current,  and  prior 
investigations  (LAW,  1998).  The  physical  parameters  required  to  define  the  system  include: 

•  Bulk  density  of  the  soil, 

•  Effective  porosity  of  the  soil, 

•  A  distribution  coefficient  for  each  compound,  and 

•  An  effective  chemical  diffusion  coefficient  for  each  compound. 

A  bulk  density  of  102  pounds  per  cubic  foot  (lbs/ft3  -  equivalent  to  1.63  grams  per  cubic 
centimeter)  and  an  effective  porosity  of  28  percent  (Table  F.4)  were  used  to  define  the 
relationship  between  bulk  density  and  porosity  (p/ne  term).  The  value  of  p/ne  (5.82;  Table  F.3) 
represents  the  mass  proportion  of  solids  in  contact  with  one  liter  of  groundwater. 

Distribution  coefficients  (Kd  5)  for  TCE,  cis-l,2-DCE,  and  vinyl  chloride  were  estimated 
using  the  method  of  Karickhoff  et  al.  (1979): 
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TABLE  F.4 

PARAMETERS  USED  IN  KINETIC-BASED  MODEL  OF  800  AREA 


Physical  Parameters 

Soil  Bulk  Density  (lbs/ft3)(1) 

102 

Effective  Porosity  (percent)(1) 

28 

p/n 

5.82 

Fraction  of  Organic  Carbon(1) 

0.001 

Compound-Specific  Chemical  Parameters 

TCE 

DCE 

VC 

Chemical  Organic  Carbon  Partition 

Coefficient® 

107 

45 

2.5 

Distribution  Coefficient  (mL/g)(3) 

0.107 

0.045 

0.002 

Retardation  Factor 

1.62 

1.26 

1.01 

Rate  Constants  (1/year) 

Desorption  Rates  {R+  (1,5,9)}(4) 

100 

100 

100 

Adsorption  Rates  {R- (2,6,10)}(4) 

62.3 

26.0 

1.5 

Diffusion  Rates  {R  (4,8,12)}(4) 

.0021 

.0024 

.0028 

Pumping  Rate  {PVPUMP} 

0.0 

0.0 

0.0 
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TABLE  F.4  (continued) 

PARAMETERS  USED  IN  KINETIC-BASED  MODEL  OF  2500  AREA 


Physical  Parameters 

Soil  Bulk  Density  (lbs/ft3)(,) 

102 

Effective  Porosity  (percent)(1) 

28 

p/n 

5.82 

Fraction  of  Organic  Carbon(1) 

0.0013 

Compound-Specific  Chemical  Parameters 

TCE 

DCE 

VC 

Chemical  Organic  Carbon  Partition 

Coefficient® 

107 

45 

2.5 

Distribution  Coefficient  (mL/g)(3) 

0.139 

0.058 

0.003 

Retardation  Factor 

1.81 

1.34 

1.02 

Rate  Constants  (1/year) 

Desorption  Rates  {R+  (1,5,9)}(4) 

100 

100 

100 

Adsorption  Rates  (R- (2,6,10)}(4) 

81 

33.8 

1.9 

Diffusion  Rates  {R  (4,8,12)}(4) 

.0024 

.0028 

Pumping  Rate  {PVPUMP} 

0.0 

0.0 

1.  Results  of  geotechnical  analyses  of  field  samples,  collected  during  the  Remedial  Investigation  (LAW,  1998) 
and  the  current  field  investigation  (Section  4.1  of  the  report). 

2.  Chemical  properties  for  TCE  from  Montgomery  and  Welkom  (1990).  Chemical  properties  for  DCE  and  VC 
from  Howard  (1990,  Volumes  I  and  II). 

3.  Distribution  coefficients  for  TCE,  DCE,  and  VC  obtained  by  calculation  (refer  to  text). 

4.  The  term  {R#}  represents  the  variable  name  for  the  rate  constant,  used  in  the  computer  code. 

Kd  =  foc  x  Koc  F-30 


where 

K  =  chemical  organic  carbon  partitioning  coefficient,  and 
foc  =  fraction  of  organic  carbon  in  the  soil. 

The  organic  carbon  content  of  soil  samples,  detected  during  the  current,  and  previous 
investigations  at  England  AFB,  ranged  from  "not  detected"  to  0.016  (Table  4.1-1;  Section  4.1  of 
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the  report).  An  organic-carbon  content  of  0.001,  equivalent  to  the  median  organic  carbon  content 
of  soil  samples  collected  from  the  Intermediate  Sand  unit  in  the  800  Area,  and  an  organic  carbon 
content  of  0.0013,  equivalent  to  the  median  organic  carbon  content  of  soil  samples  collected 
from  the  Intermediate  Sand  unit  in  the  2500  Area,  were  substituted  into  Equation  F-30,  together 
with  published  values  of  the  organic  carbon  partitioning  coefficients  for  TCE,  cis-l,2-DCE,  and 
vinyl  chloride,  to  estimate  distribution  coefficients  for  use  in  subsequent  calculations.  (Median 
values  of  fraction  of  organic  carbon  were  used  in  calculations,  because  unless  the  statistical 
distribution  of  the  underlying  population  [the  values  of  organic  carbon  content  in  all  the  soil  at 
Site  SS-45]  is  known  to  be  Normal,  use  of  the  arithmetic  mean  to  estimate  the  “average”  value  of 
organic  carbon  content  is  inappropriate  [Rock,  1988;  de  Marsily,  1986].  Rather,  if  the  population 
distribution  is  not  known,  the  median  is  statistically  the  most  robust  estimator  of  the  “average” 
value  [Rock,  1988,  p.  86ff]).  The  distribution  coefficients  used  in  subsequent  geochemical 
calculations  are  summarized  in  Table  F.4. 

A  retardation  factor  was  calculated  for  each  compound  (Table  F.4),  using  Equation  F-ll,  the 
values  of  bulk  density  and  effective  porosity  presented  above,  and  the  compound-specific 
distribution  coefficients. 

F5.4.2  RATE  CONSTANTS 

The  differential  equations  used  in  the  kinetic-based  geochemical  calculations  describe  the  rate 
of  change  of  concentrations,  for  the  three  compounds  (TCE,  DCE,  and  vinyl  chloride),  as  a 
function  of  time  (Equations  F-28  and  F-29).  As  many  as  13  different  rate  constants  are  thus 
required  to  describe  the  set  of  reactions  (Equation  F-27): 

•  Three  sets  of  forward  and  reverse  mass-transfer  coefficients  (k+,  k'), 

•  Degradation  rate  constants  (ju)  for  each  of  the  three  compounds, 

•  Chemical-  and  medium-specific  diffusion  rate  constants  for  each  of  the  three  compounds 
(k«f/usJ>  and 

•  The  rate  constant  used  to  define  pumping  or  other  form  of  advective  mass  removal  from 
the  system  (V 

Two  rate  constants  (the  forward  and  reverse  mass-transfer  coefficients)  were  used  to  define 
the  adsorption/desorption  reactions  for  each  compound  (Equation  F-8).  Equilibrium  between  the 
chemical  concentrations  in  the  sorbed  and  aqueous  phases  was  constantly  maintained  in  the 
calculations,  by  using  reaction  rates  that  were  rapid,  relative  to  other  reactions  considered  in  the 
model.  Forward  mass-transfer  coefficients  were  arbitrarily  defined  to  be  100  year'1  for  all  three 
compounds  —  a  rate  approximately  100,000  times  greater  than  the  mass  flux  due  to  chemical 
diffusion.  Reverse  mass  transfer  coefficients  were  calculated  using  Equation  F-9,  with  the  values 
for  bulk  density,  effective  porosity,  and  chemical-specific  distribution  coefficients  presented  in 
Table  F.4. 

To  account  for  mass  losses  resulting  from  diffusion,  an  effective  first-order  diffusion  rate 
constant  was  calculated  for  each  chemical,  using  the  method  developed  in  Section  F  5.2  (above), 
and  assuming  that  a  uniform,  initial  concentration  of  TCE  was  present  within  a  cylindrical 
volume  of  the  groundwater  system,  having  a  radius  of  5  feet,  around  the  monitoring  point;  and 
that  chemical  concentrations  outside  the  cylindrical  “source”  volume  remained  at  zero  at  a  radial 
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distance  of  10  feet  from  the  center  of  the  cylinder  (the  concentration  gradient  was  established 
over  a  distance  of  5  feet,  and  remained  fixed).  Because  advective  mass  loss  was  assumed  not  to 
occur,  the  advective  (pumping)  removal  rate  term  was  set  to  zero  for  this  series  of  calculations. 

Estimates  of  first-order  degradation  rate  constants  were  initially  obtained  from  a  series  of 
calculations,  which  compared  the  relative  concentrations  of  TCE  and  its  daughter  products  in 
groundwater  samples  at  several  locations  within  Site  SS-45  (preceding  sections  of  Appendix  F) 
in  units  of  days'1;  however,  for  the  purposes  of  kinetic-based  geochemical  calculations,  the 
original  units  (days'1)  were  converted  to  years'1  (Table  F.4).  First-order  degradation  rate 
constants  were  adjusted,  as  necessary,  during  calculations  to  achieve  a  reasonable 
correspondence  between  the  concentrations  of  TCE  and  its  daughter  products  calculated  to  result 
during  simulations,  and  the  actual  concentrations  detected  during  groundwater  monitoring  events 
at  individual  sampling  locations. 

F5.5  Results  of  Calculations 

The  objective  of  the  history-matching  calculations,  conducted  using  the  kinetic  model 
described  in  preceding  sections,  was  to  obtain  estimates  of  first-order  degradation  rate  constants 
for  TCE  and  its  daughter  products,  by  adjusting  the  values  of  the  degradation  rate  constants  (ju  in 
Equation  F-27)  so  that  introduction  of  TCE  in  a  single  “slug”,  at  an  assumed,  initial 
concentration  equivalent  to  the  total  molar  concentration  of  TCE  and  daughter  products,  on 
January  1,  1960,  would  produce  the  concentrations  of  TCE  and  daughter  products,  detected  in 
groundwater  samples  from  a  particular  well  during  historic  sampling  events.  Assumptions, 
initial  conditions,  and  constraints  for  these  calculations  were  as  described  in  Section  F4. 

Mass-based  chemical  concentrations  were  converted  to  molar  concentrations,  using  Equation 
F-2,  for  use  in  subsequent  geochemical  calculations.  The  geochemical  calculations  were 
structured  to  represent  a  two-phase  system,  consisting  of  soil  and  water  (Figure  F.12).  The 
structure  of  the  model  (Equations  F-6,  F-17,  and  F-27)  allows  different  initial  concentrations  to 
be  specified  in  both  the  sorbed  and  aqueous  phases.  For  example,  if  the  concentration  of  a 
particular  chemical  in  groundwater  is  known,  the  sorbed-phase  chemical  concentration  in 
equilibrium  with  the  dissolved  concentration  can  be  estimated,  using  an  initial  aqueous-phase 
chemical  concentration,  and  Equation  F-7.  Although  no  source  of  chemicals  in  soil  has  been 
identified  at  England  AFB  Site  SS-45  during  past  investigations,  volatile  organic  chemicals  are 
known  to  sorb  to  soil  material,  and  therefore  detectable  concentrations  of  TCE  (and  possibly  its 
daughter  products)  are  probably  present  in  soil,  in  areas  of  Site  SS-45  having  elevated 
concentrations  of  volatile  organic  chemicals  in  groundwater.  Therefore,  a  two-phase  system 
consisting  of  soil  and  water  (with  the  initial  concentrations  of  TCE,  DCE  isomers,  and  vinyl 
chloride,  presented  in  Table  F.3),  was  used  in  all  calculations. 

In  this  situation,  soil  is  able  to  act  as  a  source  of  additional  volatile  organic  chemicals; 
however,  chemicals  can  partition  from  the  aqueous  phase  to  soil,  so  that  the  mass-transfer 
coefficients  are  assigned  positive  values  (the  values  for  the  mass  transfer  coefficients  in  Table 
F.4).  All  organic  chemicals  in  the  system  are  assumed  to  be  present  initially  in  the  sorbed  and 
aqueous  phases,  but  mass-transfer  reactions  with  the  sorbed  phase  permit  a  redistribution  of 
chemical  mass  between  the  two  phases.  In  essence,  this  simulates  conditions  in  which 
chemicals,  dissolved  in  groundwater,  are  in  equilibrium  with  chemicals  sorbed  to  soil,  within  a 
"plume",  in  which  chemical  retardation  occurs. 
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CONCEPTUAL  STRUCTURE 
OF  KINETICS  BASED 
GEOCHEMICAL  MODEL 

Site  SS-45 

England  Air  Force  Base 
Alexandria,  Louisiana 


PARSONS  ENGINEERING  SCIENCE,  INC. 


As  with  the  spreadsheet  calculations  (Section  F4),  the  assumptions  and  constraints  used  in 
developing  the  kinetic  model  limit  the  possible  first-order  rate  constants  for  degradation  of  TCE 
and  its  daughters  to  a  fairly  narrow  range.  The  ranges  of  possible  degradation  rate  constants, 
estimated  using  the  historic  relative  concentrations  of  TCE  and  its  daughters  are  presented  in 
Table  F.3.  The  ranges  reported  for  TCE  and  its  daughters  represent  those  values  of  first-order 
rate  constants,  which  produced  results  that  appeared  to  be  acceptable,  when  compared  with 
historic,  relative  concentrations  of  chemicals  in  detected  samples  from  wells  A39L010PZ, 
A39L011PZ,  A39L009PZ,  and  SS45L001MW,  and  are  in  accordance  with  ranges  of  first-order 
degradation  rate  constants,  reported  for  TCE,  DCE  isomers,  and  vinyl  chloride,  in  the  literature 
(Table  F.2;  Anthony  et  al.,  1997;  Dragun,  1988;  Sivavec  and  Homey,  1995;  Wilson  et  al. ,  1994; 
Wiedemeier  et  al.,  1999). 

F5.6  Model  Verification 

Certain  aspects  of  the  computational  and  modeling  approach  described  above  were  verified,  as 
part  of  a  Technical  Impracticability  Waiver  at  the  Crystal  Chemical  Superfund  Site  in  Houston, 
Texas  (Hydrologic  Consultants,  Inc.,  1996).  The  verification  process  evaluated  the  number  of 
pore  volumes  of  arsenic-bearing  groundwater  that  would  have  to  be  removed  through  a  specific 
capture  zone,  using  an  extraction  system,  to  achieve  specified  action-level  concentrations.  This 
general  procedure  is  commonly  used  to  estimate  the  number  of  years  required  to  achieve  a 
specified  chemical  concentration  (Zheng  et  al.,  1991).  Because  arsenic  does  not  chemically 
degrade,  the  model  used  at  the  Crystal  Chemical  site  only  considered  partitioning  reactions  and 
mass  loss  through  the  flux  (V  J  term. 

An  equilibrium-based  (batch  flushing)  model,  similar  to  those  provided  in  USEPA  guidance 
documents  (USEPA,  1988),  was  used  during  the  Crystal  Chemical  modeling  investigation,  to 
verify  the  results  of  the  kinetic-based  models.  An  equilibrium-based  model  was  used  in  the 
verification  process  because  models  of  this  type  are  widely  accepted,  and  therefore  provide  a 
benchmark  for  comparison.  Furthermore,  when  a  set  of  fast  mass-transfer  coefficients  is  used  in 
a  kinetic-based  model,  the  results  obtained  using  the  kinetic-based  and  equilibrium-based  models 
should  be  essentially  identical. 

The  model  that  was  used  in  the  verification  calculations  is  similar  to  that  described  by  Zheng 
et  al.  (1991),  who  used  an  equilibrium-based  method  to  estimate  the  number  of  pore  volumes 
required  to  be  flushed  through  soil  at  the  Lone  Pine  Landfill  Superfund  Site  in  New  Jersey.  The 
number  of  pore  volumes  ( PV)  required  to  attain  a  specified  concentration  (C)  was  obtained  by 
solving  the  following  equation: 


PV  =  -R  x  In 


Cs 


C initial 


F-31 


During  the  Crystal  Chemical  investigation  (Hydrologic  Consultants,  Inc.,  1996),  11  different 
model  scenarios  were  used  in  the  verification  process,  and  the  results  of  kinetic-based 
calculations  were  compared  with  the  results  of  equilibrium-based  calculations.  The  results  of  all 
1 1  kinetic-based  numerical  simulations  were  within  four  percent  of  the  values  estimated  using 
the  equilibrium-based  model  (Equation  F-31);  the  results  of  many  of  the  kinetic-based 
calculations  were  identical  with  the  results  obtained  using  Equation  F-31.  The  kinetic-based 
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model  was  therefore  regarded  as  successfully  verified,  and  was  accepted  as  such  by  the  U.S. 
EPA. 


As  an  additional  check  on  the  approach,  a  simple  calculation  was  completed  using  Equation 
F-l,  to  examine  the  first-order  degradation  of  TCE  under  a  zero-flux,  zero-diffusion  condition. 
The  results  of  the  calculation  (using  Equation  F-l)  were  compared  with  simulation  results,  for  a 
single-phase  system  (TCE  is  present  in  water  only),  with  no  pumping  or  chemical  diffusion.  The 
results  were  identical,  demonstrating  that  first-order  degradation  mechanisms  have  been  correctly 
incorporated  into  the  model.  Concentrations  of  the  daughter  compounds  DCE  and  vinyl  chloride 
do  not  change  in  as  simple  a  manner  as  do  the  concentrations  of  the  precursor  chemical  (TCE). 
Therefore,  elementary  first-order  calculations,  completed  using  Equation  F-l,  cannot  be  used  to 
assess  the  degradation  of  TCE  daughter  products. 
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FIRST-ORDER  DECAY  RATE  CALCULATION 
USING  THE  METHOD  OF  BUSCHECK  AND  ALCANTAR  (1995) 

SITE  SS-45 

ENGLAND  AFB,  ALEXANDRIA,  LOUISIANA 


Distance  (ft)  total  DCE  (|ig/L) 
Point  Downgradient  Mar-99 

Welf#4  0  480 

A39L010PZ  420  11.3 

A39L012PZ  1470  1 


PLOT  OF  TOTAL  DCE  ISOMERS 
CONCENTRATION 
VERSUS  DISTANCE 


Distance  Downgradient  (ft) 


X.=  vc/4ax([l+2ax(k/vx)]2-l) 

dh/dl  =  (78.11  -  77.63)71 470  =  0.0003  ft/ft 


K  =  5.4  ft/day 

where  vc  =*  0.00446 

ft/day 

ne  -  0.28 

ax=  1 

feet 

Vg  =  K/ne*  dh/dl  =  0.006  ft/day 

k/v  =  0.0038 

R=  1.34 

therefore  X  =  1.70E-05 

days- 1 

Vc  =  Vg/R  =  0.0045  ft/day 

half-life-  111.6 

years 

c:\projects\england\buschl.xls  -  Total  DCE 


FIRST-ORDER  DECAY  RATE  CALCULATION 
USING  THE  METHOD  OF  BUSCHECK  AND  ALCANTAR  (1995) 

SITE  SS-45 

ENGLAND  AFB,  ALEXANDRIA,  LOUISIANA 


Distance  (ft)  cis  - 1 ,2-DCE  (jig/L) 


Point _ Downgradient _ Mar-99 

Well  #4  0  150 

A39L010PZ  420  2,8 

A39L012PZ  1470  1 


PLOT  OF  cis-l,2-DCE 
CONCENTRATION 
VERSUS  DISTANCE 


Distance  Downgradient  (ft) 


X=  vj 4ax([  1  +2ax(k/vx)]2- 1 ) 

dh/dl  =  (78.1 1  -  77.63 )/l  470  =  0.0003  ft/ft 


K  =  5.4  ft/day 

where  vc  =  0.00446 

ft/day 

ne  =  0.28 

«x=  1 

feet 

Vg  -  K/n*  dh/dl  =  0.006  ft/day 

k/v  =  0.0029 

R  -  1.34 

therefore  A,==  1.30E-05 

days-1 

Vc  =  Vg/R  =  0.0045  ft/day 

half-life  =  146.4 

years 

c:\projects\engiand\buschl.xls  -  cis-l,2-DCE 


FIRST-ORDER  DECAY  RATE  CALCULATION 
USING  THE  METHOD  OF  BUSCHECK  AND  ALCANTAR  (1995) 

SITE  SS-45 

ENGLAND  AFB,  ALEXANDRIA,  LOUISIANA 


Point 

Distance  (ft) 
Downgradient 

trans-  1,2-DCE  (jig/L) 
Mar-99 

Well  #4 

0 

330 

A39L010PZ 

420 

8.5 

A39L012PZ 

1470 

0.5 

PLOT  OF  TRANS-1,2-DCE  n  nn . . 

CONCENTRATION  Y  =  146.87e' 
VERSUS  DISTANCE  R2  =  Q.9035 


Distance  Downgradient  (ft) 


X  =  v0/4ax([l+2ax(k/vx)]2-l) 

dh/dl  =  (78.1 1  -  77.63)/1470  =  0.0003  ft/ft 


K  =  5.4  ft/day 

where  vc  =  0.00446 

ft/day 

ne  =  0.28 

ax=  1 

feet 

Vg  =  K/ne* dh/dl  -  0.006  ft/day 

O 

O 

d 

II 

R~  1.34 

therefore  A.=  1.84E-05 

days- 1 

Vc  =  Vg/R  “  0.0045  ft/day 

half-life  =  103.4 

years 

c:\prqjects\england\buschl.xls  -  trans-l,2-DCE 


FIRST-ORDER  DECAY  RATE  CALCULATION 
USING  THE  METHOD  OF  BUSCHECK  AND  ALCANTAR  (1995) 

SITE  SS-45 

ENGLAND  AFB,  ALEXANDRIA,  LOUISIANA 


Distance  (ft)  Vinyl  Chloride  (jj.g/L) 

Point _ Downgradient _ Mar-99 _ 

A39L010PZ  0  420 

A39L012PZ  1150  1 


PLOT  OF  VINYL  CHLORIDE 
CONCENTRATION 
VERSUS  DISTANCE 


Distance  Downgradient  (ft) 


dh/dl  -  (78.1 1  -  77.63)/!  470  =  0.0003  ft/ft 
K  =  5.4  ft/day 
ne  =  0.28 

Vg  =  K/ne*  dh/dl  -  0.006  ft/day 
R  =  1.02 

Vc  =  Vg/R  =  0.0059  ft/day 


X  =  vc/4ax([l+2ax(k/vx)]2-1) 


where  vc  -  0.0059  ft/day 

ax  =  1  feet 

k/v  =  0.0053 

therefore  X  =  3 . 1 4E-05  days- 1 

half-life  -  60.4  years 
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APPENDIX  G 

EVALUATION  OF  RELATIVE  EFFECTIVENESS  AND  COST 
OF  REMEDIAL  ALTERNATIVES 


G1.0  CONCEPTUAL  DESCRIPTION  OF  ALTERNATIVE  REMEDIES  FOR 
GROUNDWATER  AT  SITE  SS-45 

Gl.l  Alternative  1  --  Monitored  Natural  Attenuation 

This  alternative  assumes  that  no  active  groundwater  remediation  would  be  conducted.  The 
monitored  natural  attenuation  (MNA)  alternative  relies  on  natural  attenuation  mechanisms  to 
remove  chlorinated  aliphatic  hydrocarbons  (CAHs)  from  groundwater  in  the  Intermediate  and 
Deep  Sand  units.  Periodic  monitoring  would  be  conducted,  to  assess  whether  further  migration 
of  chemicals  from  source  areas  was  occurring,  and  to  evaluate  the  natural  removal  rate  of 
chemicals  from  the  groundwater  system. 

G1.2  Alternative  2  --  Groundwater  Pump-and-Treat  with  Monitored  Natural  Attenuation 

Under  active  groundwater  extraction  alternatives,  a  three-well  groundwater  extraction  system 
would  be  installed  within  the  800  and  2500  Areas  at  Site  SS-45  where  elevated  concentrations  of 
trichloroethene  (TCE)  and  its  degradation  daughter  products  have  been  detected  in  groundwater. 
Extracted  groundwater  would  be  treated  using  onsite  air  strippers  to  remove  VOCs.  Treated 
groundwater  would  be  discharged  to  a  local  publicly-owned  treatment  works  (POTW)  via  the 
sanitary  sewer. 

The  conceptual  groundwater  extraction  system  would  consist  of  wells  completed  to  the  base 
of  the  Intermediate  Sand  unit  (80  feet  below  ground  surface  [bgs])  and  screened  across  the  full 
saturated  thickness  of  the  Intermediate  Sand.  The  approximate  range  of  pumping  rates  for  wells 
completed  in  the  Intermediate  Sand  unit  system  can  be  estimated  (Czamecki  and  Craig,  1985; 
Theis  et  al.,  1963)  using  values  of  transmissivity  calculated  from  well-displacement  ("slug")  tests 
(Table  3.4-2  of  the  focussed  corrective  measures  study  [CMS]  report).  Specific  capacity, 
measured  in  gallons  per  minute  (gpm)  of  well  production  per  foot  of  resulting  drawdown  in  the 
well,  is  a  measure  of  the  sustained  rate  at  which  a  well  can  be  pumped.  Application  of  an 
approximate  relationship  (Driscoll,  1986),  to  estimate  the  specific  capacity  for  wells  in  the 
Intermediate  Sand  unit: 


Q  =  l 

s  267.3  (G-l) 


where 

Q  =  well  yield  [gpm]; 

s  =  drawdown  in  the  pumping  well  [feet];  and 

T  =  transmissivity  of  the  porous  medium  [200  to  1,350  ft2/day  for  the  Intermediate  Sand 
unit;  refer  to  Table  3.4-2  of  the  focussed  CMS  report]; 


G-l 


S:\ES\WP\PROJECTS\730486\England\Appendix  G  -  final.doc 


produces  estimates  ranging  between  0.7  and  5.1  gallons  per  minute  per  foot  of  drawdown.  This 
indicates  that  the  maximum  pumping  rate  from  each  well  will  probably  be  on  the  order  of  20  to 
120  gpm,  because  the  available  drawdown  for  wells  completed  in  the  Intermediate  Sand  unit 
system  will  be  no  greater  than  about  25  feet  to  allow  some  freeboard  above  the  intakes  of 
submersible  pumps. 

The  results  of  screening-level  capture-zone  analyses  (Keely  and  Tsang,  1983;  Blandford  and 
Huyakom,  1990)  indicate  that  a  single  well  completed  in  the  Intermediate  Sand  unit  and 
pumping  at  a  rate  of  about  20  gpm  theoretically  would  be  capable  of  capturing  all  dissolved 
chemicals  within  a  radial  distance  of  nearly  20,000  feet  from  the  pumping  well.  This  extremely 
large  radius  of  capture  is  a  result  of  the  low  hydraulic  gradients  in  the  groundwater  system  at  Site 
SS-45,  and  the  consequent  extremely  low  groundwater  flow  velocities  (generally  less  than  1  foot 
per  year;  Section  3.4  of  the  report).  The  calculated  radius  of  the  capture  zone  appears  to  be 
excessively  large;  therefore,  as  an  alternative,  the  radial  distances  to  which  observable  drawdown 
(arbitrarily  defined  to  be  0.1  foot  below  static  water  levels)  would  occur  as  a  result  of  pumping 
were  estimated.  Application  of  the  Theis  equation  (Theis,  1935;  Lohman,  1979)  to  consideration 
of  a  well  pumping  at  a  rate  of  20  gpm  from  the  Intermediate  Sand  unit  indicates  that  observable 
drawdown  (the  “effective”  radius  of  capture)  would  occur  to  a  radial  distance  of  about  2,000  feet 
from  the  pumping  well.  At  a  pumping  rate  of  120  gpm,  observable  drawdown  would  occur  to  a 
radial  distance  of  about  5,000  feet  from  the  well. 

Because  hydraulic  gradients  in  the  groundwater  system  beneath  Site  SS-45  are  extremely  low 
(nearly  non-existent),  hydraulic  gradient  control  is  not  an  issue  for  a  groundwater  extraction 
system  in  either  the  800  Area  or  2500  Area.  Rather,  the  only  purpose  for  installing  and  operating 
a  groundwater  extraction  system  would  be  to  effect  removal  of  contaminant  mass  by  moving 
groundwater  through  zones  within  the  groundwater  system  that  contain  elevated  CAH 
concentrations  so  that  the  dissolved  chemicals  will  be  drawn  by  advection  (flushed)  to  the 
extraction  point  (a  well)  and  removed  from  the  groundwater  system.  To  achieve  that  end,  a 
single  extraction  well,  installed  near  the  center  of  the  zone  containing  elevated  CAH 
concentrations  in  groundwater  beneath  the  800  Area  (near  existing  groundwater  monitoring  well 
SS45L001MW)  and  pumping  at  a  rate  between  20  and  120  gpm,  would  be  sufficient  to  remove 
contaminant  mass  from  the  CAH  plume  in  the  800  Area.  Two  extraction  wells,  one  each 
installed  near  the  center  of  the  two  zones  containing  elevated  concentrations'  of  chemicals  in 
groundwater  beneath  the  2500  Area  (near  existing  groundwater  monitoring  Wells  #1  and  #4,  in 
the  southern  and  northern  parts  of  the  2500  Area,  respectively),  each  pumping  at  a  rate  between 
20  and  120  gpm,  would  be  sufficient  to  remove  contaminant  mass  from  the  CAH  plume  in  the 
2500  Area. 

Therefore,  the  conceptual  extraction  and  treatment  system  design  consists  of  three 
groundwater  extraction  wells,  each  8  inches  in  diameter  to  accommodate  a  submersible  pump  of 
up  to  120-gpm  capacity.  Underground  distribution  lines  from  the  two  wellheads  in  the  2500 
Area  would  connect  to  a  centrally  located  clarifying  tank.  A  holding  tank  and  a  low-profile  air 
stripper  would  be  located  adjacent  to  the  clarifying  tank.  The  clarifying  tank  would  be  used  to 
remove  sediment  from  the  extracted  groundwater;  clarified  water  would  be  gravity-fed  into  the 
holding  tank.  A  sump  pump  would  move  the  water  from  the  holding  tank  to  the  air  stripper,  and 
treated  water  would  flow  through  a  buried  pipeline  to  the  nearest  accessible  POTW  sewer  line, 
assumed  to  be  within  1,000  feet  of  the  treatment  system.  A  holding  tank  would  be  necessary  for 
this  system  to  maintain  a  constant  throughflow  rate  to  the  air  stripper,  despite  possible 
fluctuations  in  well  production  rates. 
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In  Alternative  2a  -  the  low-extraction-rate  alternative,  each  well  would  be  pumped  at  a 
rate  of  20  gpm.  This  low  production  rate  is  intended  to  reduce  long-term  costs,  while  still 
capturing  some  dissolved  chemical  mass,  and  preventing  further  migration.  The  total  production 
of  the  extraction  system  in  the  2500  Area  (two  wells,  each  producing  at  a  rate  of  20  gpm)  would 
be  about  40  gpm;  and  the  minimum  throughflow  rate  of  a  low-profile  air  stripper  is  20  gpm.  A 
6,000-gallons-capacity  holding  tank  equipped  with  an  automated  control  system  would  allow  the 
air  stripper  to  operate  continuously,  while  the  wells  could  cycle  as  necessary  to  keep  the  holding 
tank  replenished. 

The  total  production  of  the  extraction  system  in  the  800  Area  (one  well,  producing  at  a  rate  of 
20  gpm)  would  be  about  the  minimum  throughflow  rate  of  the  low-profile  air  stripper.  However, 
because  of  the  distance  between  well  locations  in  the  2500  Area  and  the  800  Area  (about  3,500 
feet  separates  the  two),  the  extraction  system  in  the  800  Area  would  require  a  separate  treatment 
system.  This  system  also  is  assumed  to  consist  of  a  clarifier,  holding  tank,  and  low-profile  air 
stripper,  and  would  discharge  treated  water  to  a  POTW  sewer  line. 

In  Alternative  2b  -  the  high-extraction-rate  alternative,  each  well  would  be  pumped  at  a 
rate  of  120  gpm,  the  approximate  maximum  possible  production  rate  of  wells  completed  in  the 
Intermediate  Sand  unit.  This  production  rate  is  intended  to  increase  the  rate  of  groundwater 
movement  through  the  capture  zone,  maximizing  the  removal  rate  of  dissolved  chemical  mass. 
The  total  production  of  the  extraction  system  in  the  2500  Area  (two  wells,  each  producing  at  a 
rate  of  120  gpm)  would  be  about  240  gpm;  and  the  total  production  of  the  extraction  system  in 
the  800  Area  would  be  about  120  gpm.  As  in  Alternative  2,  a  separate  treatment  system, 
consisting  of  a  clarifier,  low-profile  air  stripper,  and  a  holding  tank,  would  be  required  for  each 
of  the  extraction  systems.  Treated  water  would  be  discharged  to  a  POTW  sewer  line. 

G2.0  ESTIMATION  OF  TIME  REQUIRED  FOR  REMEDIATION  OF 
GROUNDWATER 

Estimation  of  the  time  required  for  each  remedial  alternative  to  achieve  cleanup  goals  is  a 
necessary  component  of  the  effectiveness  and  cost  evaluation.  Ranges  of  the  lengths  of  time 
required  to  reduce  the  concentrations  of  TCE  and  its  degradation  daughter  products  to  specified 
levels  in  groundwater  at  Site  SS-45  were  estimated  using  the  kinetic-based  geochemical  model 
developed  in  Appendix  F. 

G2.1  Structure  of  Geochemical  Model 

The  primary  mechanisms  controlling  the  movement  and  fate  of  CAHs  in  the  environment 
include  dissolution,  dispersion,  sorption,  and  chemical  decay  (Appendix  D).  Most  methods  of 
simulating  the  movement  of  chemicals  in  the  environment  utilize  relatively  simplistic  methods  of 
accounting  for  the  various  fate  mechanisms,  including  in  particular  sorption  and  chemical  decay 
(< c.f ,  Spitz  and  Moreno,  1996).  Furthermore,  dissolved-chemical  migration  in  the  groundwater 
system  at  Site  SS-45  45  may  occur  primarily  as  a  result  of  chemical  diffusion  rather  than 
advection,  and  most  numerical  codes  are  not  designed  to  simulate  diffusive  migration,  or 
advective  migration  in  the  absence  of  well-defined  groundwater  flow  directions.  Accordingly, 
application  of  a  numerical  model  to  the  evaluation  of  the  migration  and  fate  of  CAHs  in 
groundwater  at  Site  SS-45  was  judged  to  be  inappropriate.  Rather,  a  series  of  kinetic-based 
geochemical  calculations  was  completed,  to  compare  the  potential  effectiveness  of  remediation 
by  natural  attenuation  (RNA)  with  a  groundwater  pump-and-treat  system,  in  removing  chemical 


G-3 


S:\ES\WP\PROJECTS\730486\England\Appendix  G  -  final.doc 


mass  from  groundwater,  and  to  provide  estimates  of  the  times  required  to  achieve  cleanup  goals. 
The  system  of  differential  equations  (the  “model”)  used  in  the  calculations  depicts  the  changes 
in  chemical  concentrations  through  time  in  groundwater  in  a  two-phase  system  (soil  and 
groundwater)  in  which  sorption,  chemical  diffusion,  advective  mass  loss,  and  chemical 
degradation  all  occur.  The  model  simulates  the  sequential  degradation  of  TCE  to  the 
dichloroethene  (DCE)  isomers,  DCE  to  vinyl  chloride  (VC),  and  finally  VC  to  its  mineralization 
products  (ethene,  carbon  dioxide,  hydrogen  gas,  and  water).  Development  of  the  kinetic  model, 
together  with  the  governing  differential  equations  and  assumptions  is  described  in  detail  in 
Appendix  F. 

The  kinetic-based  model  was  formulated  to  simulate  the  following  series  of  reactions: 


TCE  soil  TCE  water 

krcE 


TCE diffusive  joss  Vflo 


TCE  removed 


4,  F 


TCE  -  DCE 


TCE  -  DCE 


DCE  soil  <-  DCEWater 

koCE 

In  1  n 

Y  DCE -  VC 


DCE -  VC 


VC 


soil 


— >  VC  water 


kvc 


DCE  diffusive  loss  Vjlow*  DCEremoved  (G-2) 


VC  diffusive  loss  Vflow  VC  removed 

- ►  - ► 


VC -CM 

Complete  Mineralization 
where 


VC- CM 


TCE 


soil 


=  effective  concentration  of  TCE  (in  soil  in  contact  with  1  liter  of  water) 
[mol/L3], 


TCE 


TCE 


Mer  =  concentration  of  TCE  in  water  [mol/L3], 

=  mass- transfer  coefficient  of  TCE  from  soil  to  water  (forward  mass-transfer 
coefficient)  [T'1], 


TCE 


TCE-DCE 


TCE 


diffusive  loss 


=  mass- transfer  coefficient  of  TCE  from  water  to  soil  (reverse  mass-transfer 
coefficient)  [T1], 

=  rate  constant  for  degradation  of  TCE  to  DCE  [T*1], 

=  rate  constant  for  diffusive  loss  of  TCE  from  the  system  [T*1],  and 
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V  =  volume  of  water  removed  from  system  per  unit  time  (as  pore  volumes)  [T1]. 

Because  one  mole  of  TCE  will  degrade  to  one  mole  of  DCE  isomers,  and  eventually  to  one 
mole  of  VC,  use  of  molar  chemical  concentrations  (Appendix  F)  rather  than  mass-based 
concentrations,  allows  the  amounts  of  chemicals  produced  (or  removed)  during  degradation  and 
sorption  reactions  to  be  compared  directly.  Therefore,  molar  chemical  concentrations  are  used  in 
all  subsequent  geochemical  calculations. 

The  chemical  concentrations  and  coefficients  in  the  computational  system  (Equation  G-2)  can 
be  referenced  to  the  sorbed  (solid)  and  aqueous  (dissolved)  phases.  For  each  chemical,  two 
differential  equations  were  developed  to  describe  the  set  of  reactions  presented  graphically  in 
Equation  G-2.  The  change  in  equivalent  concentration  of  TCE  in  soil,  considering  mass  transfer 
from  sorbed  and  dissolved  phases  and  first-order  chemical  degradation,  is  described  by: 

d.J.IC3.^  J  =-k;  [  TCEsoil  ]  +  kT  [  TCE  water  J  '  M  TCE -DCE  f  TCE  soil  ]  (G-3) 


and  the  change  in  concentration  of  TCE  in  water,  considering  mass  transfer  from  sorbed  and 
dissolved  phases,  first-order  chemical  degradation,  first-order  diffusion  losses,  and  advective 
(“pumping”)  mass  removal  is  described  by 


d  [  TCE  water  ] 
dt 


'  kr  [  TCEsoil  ]  -  kT  [  TCE  water  ]  ~  MtCE-DCE  [  TCEw 

kjCE  diffusion  [: TCE  water  ]  -VjioAtCE  water  J  • 


] 


(G-4) 


For  compounds  (e.g.,  DCE)  that  are  produced  by  the  degradation  of  a  parent  compound  (e.g., 
TCE),  an  additional  term  is  required  in  the  differential  equation,  to  account  for  the  contribution 
of  additional  mass  from  degradation  of  the  parent  compound.  The  change  in  DCE  concentration 
in  water  is  described  by 


d  [  DCE  water  ]  _ 


dt 


~  k+D  [  DCE  soil  ]  ~  ko  [  D  CE  water  J  ~  A  DCE- -VC  [  DCE  water] 

k  DCE  diffusion  [-DCFuwer]  V  flow  fjDCZ? water  ^  M  TCE- DCE  l TCE  water]  > 


(G-5) 


and  DCE  reactions  in  the  sorbed  phase  are  comparable  to  TCE  reactions  in  the  sorbed  phase. 

G2.2  Model  Parameters 

Geochemical  calculations  were  conducted  using  site-specific  physical  and  chemical 
parameters  that  had  been  measured  or  estimated  during  the  current,  and  prior  investigations 
(LAW,  1998a).  The  physical  parameters  required  to  define  the  system  include: 

.  Bulk  density  of  the  soil, 

.  Effective  porosity  of  the  soil, 

.  A  distribution  coefficient  for  each  compound,  and 

.  An  effective  chemical  diffusion  coefficient  for  each  compound. 
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A  bulk  density  of  102  pounds  per  cubic  foot  (lbs/ft3),  equivalent  to  1.63  grams  per  cubic 
centimeter  (g/cm3)  and  an  effective  porosity  of  28  percent  (Table  G.l)  were  used  to  define  the 
relationship  between  bulk  density  and  porosity  (p/ne  term).  The  value  of p/ne  (5.82;  Table  G.l) 
represents  the  mass  proportion  of  solids  in  contact  with  1  liter  of  groundwater. 

Distribution  coefficients  ( Kd  s)  for  TCE,  c«-l,2-DCE,  and  VC  were  estimated  using  the 
method  of  Karickhoff  et  al.  (1979)  (Appendix  F).  A  retardation  factor  was  calculated  for  each 
compound  (Table  G.l),  using  Equation  F-ll  (Appendix  F),  the  values  of  bulk  density  and 
effective  porosity  presented  in  Table  G.l,  and  the  compound-specific  distribution  coefficients. 

G2.3  Rate  Constants 


The  differential  equations  used  in  the  kinetic-based  geochemical  calculations  describe  the  rate 
of  change  of  concentrations,  for  the  three  compounds  (TCE,  DCE,  and  VC)  as  a  function  of  time 
(Equations  G-2  and  G-3).  As  many  as  13  different  rate  constants  are  thus  required  to  describe 
the  set  of  reactions  (Equations  G-2,  G-3,  and  G-4): 

•  Three  sets  of  forward  and  reverse  mass-transfer  coefficients  (k+,  Af), 

.  Degradation  rate  constants  (ju)  for  each  of  the  three  compounds, 


Chemical-  and  matrix-specific  diffusion  rate  constants  for  each  of  the  three  compounds 
(hffusJ’  311(1  ' 


.  The  rate  constant  used  to  define  pumping  or  other  form  of  advective  mass  removal  from 
the  system  (P^J. 


Two  rate  constants  (the  forward  and  reverse  mass-transfer  coefficients)  were  used  to  define 
the  adsorption/desorption  reactions  for  each  compound  (Appendix  F,  Equation  F-8).  Equilibrium 
between  the  chemical  concentrations  in  the  sorbed  and  aqueous  phases  was  constantly 
maintained  in  the  calculations  by  using  reaction  rates  that  were  rapid  relative  to  other  reactions 
considered  in  the  model.  Forward  mass-transfer  coefficients  were  arbitrarily  defined  to  be  100 
year’1  for  all  three  compounds  —  a  rate  approximately  1,000  times  greater  than  the  mass  flux  due 
to  advective  removal  (“pumping”).  Reverse  mass  transfer  coefficients  were  calculated  using 
Equation  F-9  (Appendix  F),  with  the  values  for  bulk  density,  effective  porosity,  and  chemical- 
specific  distribution  coefficients  presented  in  Table  G.l. 


Estimates  of  first-order  degradation  rate  constants  were  obtained  from  a  series  of  calculations 
that  examined  the  relative  concentrations  of  TCE  and  its  daughter  products  in  groundwater 
samples  through  time  (Appendix  F).  Ranges  of  first-order  degradation  rate  constants  were 
estimated  for  TCE  and  its  daughter  products  using  historic  concentration  information  from 
several  different  sampling  locations  (Appendix  F,  Table  F.3).  The  median  value  of  the  first- 
order  rate  constant  estimated  for  each  compound  was  used  in  this  series  of  kinetic-based 
calculations  because  the  distribution  of  the  underlying  population  (the  values  of  rate  constants  at 
every  point  in  the  subsurface  at  Site  SS-45)  is  unknown.  Use  of  the  arithmetic  mean  to  estimate 
the  “average”  value  of  a  particular  variable  [e.g.,  rate  constant]  is  inappropriate  unless  the 
underlying  distribution  is  known  to  be  normal  (Rock,  1988;  de  Marsily,  1986).  The  estimated 
rates  were  originally  reported  (Appendix  F)  in  units  of  days-1;  however,  for  the  purposes  of 
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TABLE  G.l 

PARAMETERS  USED  IN  GEOCHEMICAL  MODEL  OF  800  AREA 


Physical  Parameters  || 

Soil  Bulk  Density  [lbs/ft3]37 

102 

Effective  Porosity  [percent]  37 

0.28 

p/nc 

5.82 

Fraction  of  Organic  Carbon  37 

0.001 

Chemical-Specific  Parameters 

TCE 

DCE 

VC 

Chemical  Organic  Carbon  Partition  Coefficient b/ 

107 

45 

2.5 

Distribution  Coefficient  [mL/g] c/ 

0.107 

0.045 

0.002 

Retardation  Factor 

1.62 

1.26 

1.01 

Target  Concentration  [jug/L] 

5 

70 

2 

Rate  Constants  (1/year) 

Desorption  Rates  {R+  (1,5,9) d/ 

100 

100 

Adsorption  Rates  {R-  (2,6,10)  d/ 

62.3 

26.0 

1.5 

Diffusion  Rates  {R  (4,8,12) d/ 

0.0021,0.0 

0.0024,  0.0 

0.0028, 0.0 

Pumping  Rate  {PVPUMP} 

0.0,  0.01, 0.06 

0.0,  0.01,  0.06 

0.0,  0.01,0.06 

Estimated  Chemical  Degradation  Rates  (1/year) e/ 

Degradation  Rate  for  TCE  DCE  {R3} 

0.15 

Degradation  Rate  for  DCE  VC  {R7} 

0.15 

Degradation  Rate  for  VC  ->  ETHENE  (or  other) 

{RH} 

0.33 
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TABLE  G.l  (continued) 

Parameters  Used  in  Geochemical  Model  of  2500  Area 


Physical  Parameters 

Soil  Bulk  Density  [lbs/fit3]  ^ 

102 

Effective  Porosity  [  ]  ^ 

0.28 

p/n* 

5.82 

Fraction  of  Organic  Carbon  ^ 

0.0013 

Chemical-Specific  Parameters 

TCE 

DCE 

VC 

Chemical  Organic  Carbon  Partition  Coefficient b/ 

107 

45 

2.5 

Distribution  Coefficient  (mL/g)  c/ 

0.139 

0.058 

0.003 

Retardation  Factor 

1.81 

1.34 

1.02 

Target  Concentration  (pg/L) 

5 

70 

2 

Rate  Constants  (1/year) 

Desorption  Rates  {R+  (1,5,9) d/ 

100 

100 

100 

Adsorption  Rates  {R- (2,6,10)  d/ 

81 

33.8 

1.9 

Diffusion  Rates  {R  (4,8,12) d/ 

0.0021,0.0 

0.0024,  0.0 

0.0028, 0.0 

Pumping  Rate  {PVPUMP} 

0.0,  0.01,0.06 

0.0,  0.01,  0.06 

0.0,  0.01,0.06 

Estimated  Chemical  Degradation  Rates  (1/year) e/ 

Degradation  Rate  for  TCE  ->  DCE  {R3} 

0.15 

Degradation  Rate  for  DCE  VC  {R7} 

0.15 

Degradation  Rate  for  VC  ->  ETHENE  (or  other) 

{Rll} 

0.33 

a /  Results  of  geotechnical  analyses  of  field  samples,  collected  during  the  RFI  (LAW,  1998a)  and  the  RNA 
field  investigation  (Sections  3  and  4  of  the  Report). 

b/  Chemical  properties  for  TCE  from  Montgomery  and  Welkom  (1990).  Chemical  properties  for  DCE  and 
VC  from  Howard  (1990a). 

c/  Distribution  coefficients  for  TCE,  DCE,  and  VC  obtained  by  calculation  (refer  to  text), 
d/  The  term  {R#}  represents  the  variable  name  for  the  rate  constant  used  in  the  computer  code, 
e/  Chemical  degradation  rates  were  estimated  in  Appendix  F,  in  units  of  1/day,  and  1/year. 
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kinetic-based  geochemical  calculations,  the  original  units  (days-1)  were  converted  to  years- 1 
(Table  G.l). 

To  account  for  mass  losses  resulting  from  chemical  diffusion,  an  effective  first-order  diffusion 
rate  constant  was  calculated  for  each  chemical  using  the  method  developed  in  Section  F5.2 
(Appendix  F)  and  assuming  that  a  uniform,  initial  concentration  of  chemical  was  present  within  a 
cylindrical  volume  of  the  groundwater  system  having  a  radius  of  5  feet,  around  the  monitoring 
point,  and  that  chemical  concentrations  outside  the  cylindrical  “source”  volume  remained  at  zero 
at  a  radial  distance  of  10  feet  from  the  center  of  the  cylinder  (the  concentration  gradient  was 
established  over  a  distance  of  5  feet,  and  remained  fixed).  Because  an  inwardly  directed 
hydraulic  gradient  established  by  advective  mass  removal  (“pumping”)  will  overwhelm  any 
outwardly  directed  chemical  diffusion  gradient,  chemical  diffusion  was  assumed  to  occur  only  in 
those  situations  for  which  no  pumping  was  specified  (V  equal  to  0). 

TCE  and  daughter  products  in  water  also  can  be  removed  from  the  system  by  advective  flow 
at  a  rate  controlled  by  the  rate  of  water  movement  through  the  system  (F^).  The  final  term 
required  for  the  geochemical  calculations  is  thus  an  expression  for  the  advective  removal  rate. 
This  representation  of  the  system  assumes  that  mass  flux  out  of  the  system  due  to  pumping  or 
advective  transport  occurs  only  in  the  aqueous  phase,  and  that  the  system  always  contains  one 
unit  volume  of  water  (i.e.,  the  system  is  never  "pumped  dry").  Consequently,  the  advective  (or 
pumping)  removal  rate  can  be  represented  by  a  term  for  rate  of  removal  of  water  (as  pore 
volumes  per  unit  of  time). 

The  maximum  sustained  pumping  rate  for  a  well,  completed  in  the  Intermediate  Sand  unit  at 
the  Base,  was  estimated  to  range  between  about  20  and  120  gpm  (Section  G1.2).  The  results  of 
screening-level  capture-zone  calculations  using  analytical  methods  (Section  G1.2)  indicated  that 
the  radius  of  capture  for  a  single  well,  pumping  in  a  homogeneous,  isotropic,  infinite  aquifer  at  a 
sustained  rate  of  20  gpm,  would  be  on  the  order  of  2,000  feet;  and  the  radius  of  capture  for  a 
single  well,  pumping  at  a  sustained  rate  of  120  gpm,  would  be  on  the  order  of  5,000  feet.  The 
saturated  thickness  of  the  Intermediate  Sand  unit  is  about  40  feet;  the  volume  of  water  contained 
within  the  capture  zone  of  a  single  well  ("one  pore  volume")  is  therefore 

Volume  —  nx  (Radius  of  Capture  f  x  (Saturated  Thickness)  x  ne ,  (G-6) 

or  about  140,750,000  cubic  feet  of  water,  assuming  a  2,000-foot  radius  of  capture,  a  40-foot 
saturated  thickness,  and  an  effective  porosity  of  28  percent  (Table  G.l).  A  single  well  pumping 
at  a  rate  of  20  gpm  would  withdraw  about  1,400,000  cubic  feet  of  water  in  a  one-year  period. 
The  rate  of  pore-volume  removal  for  a  single-well  pumping  system  completed  in  the 
Intermediate  Sand  unit  on  England  AFB  and  pumping  at  a  rate  of  20  gpm  is  therefore 
approximately  0.01  pore  volume  per  year.  The  results  of  a  similar  calculation  completed  for  a 
single-well  system  pumping  at  a  rate  of  120  gpm  indicate  that  the  rate  of  pore-volume  removal 
for  120-gpm  system,  completed  in  the  Intermediate  Sand  unit  also  is  approximately  0.01  pore 
volume  per  year  (as  a  consequence  of  the  greater  radius  of  capture).  However,  because  a  radius 
of  capture  much  greater  than  2,000  feet  is  not  necessary  to  control  chemical  migration  or  increase 
mass  removal  rates,  it  was  arbitrarily  assumed  that  a  single  well,  pumping  at  a  rate  of  120  gpm, 
would  also  withdraw  water  from  a  capture  zone  having  a  radius  of  2,000  feet.  The  rate  of  pore- 
volume  removal  for  a  single  well,  complete  in  the  Intermediate  Sand  unit  and  pumping  at  a  rate 
of  120  gpm  was  therefore  established  at  0.06  pore  volume  per  year.  The  initial  calculations 
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assumed  that  groundwater  was  removed  from  the  subsurface  surrounding  a  particular  extraction 
well  at  the  rate  of  0.01  pore  volume  per  year  (equivalent  to  20  gpm).  This  extraction  rate  was 
later  increased  to  0.06  pore  volume  per  year  in  some  simulations,  to  evaluate  the  effects  of 
pumping  at  the  higher  rate  (120  gpm). 

The  resulting  set  of  six  differential  equations  was  solved  simultaneously,  using  a  fourth-order 
Runge-Kutta  method  (Rice,  1993).  The  original  solution  routine  was  written  in  BASIC.  The 
structure  of  the  computer  code  used  to  solve  the  system  of  differential  equations  allows  different 
scenarios  to  be  simulated  simply  by  modifying  the  input  values.  For  example,  a  one-phase 
system  (water)  can  be  simulated  using  the  two-phase  code  by  setting  the  initial  chemical 
concentrations  in  soil,  and  the  values  of  the  forward  and  reverse  mass  transfer  coefficients,  to 
zero.  For  calculations  in  which  no  advective  mass  loss  or  pumping  is  assumed  to  occur,  the 
advective  flux  term  (V^J  is  likewise  set  to  zero. 

G3.0  INITIAL  CONDITIONS  AND  ASSUMPTIONS 

The  objective  of  the  kinetic-based  calculations  was  to  estimate  the  amount  of  time  required  to 
reduce  the  concentrations  of  TCE,  DCE  isomers,  and  VC  in  the  groundwater  system,  to 
concentrations  less  than  specified  values.  The  rates  of  chemical  mass  removal  for  TCE  and  its 
daughter  products  (DCE  and  VC),  were  calculated  for  a  system  in  which  chemical  removal 
occurs  through  degradation  and  diffusion  only,  and  for  a  system  in  which  chemical  removal 
occurs  through  a  combination  of  chemical  degradation  and  pumping.  The  initial  chemical 
concentrations  for  model  simulations  were  the  concentrations  detected  in  groundwater  samples 
from  three  different  wells  on  the  Base  (Wells  #1,  #4,  and  SS45L001MW).  The  concentrations  of 
TCE  in  groundwater  samples  from  well  SS45L001MW,  in  the  800  Area,  have  historically  been 
among  the  highest  concentrations  detected  at  Site  SS-45.  Therefore,  because  the  time  required  for 
TCE  to  degrade  completely  through  its  chain  of  daughter  products  (TCE  to  DCE  to  VC)  is 
greater  than  the  time  required  simply  to  degrade  the  daughter  products  (e.g.,  mineralize  VC),  the 
time  required  for  chemical  concentrations  to  decrease  to  levels  below  the  target  concentrations  at 
well  SS45L001MW  represents  the  maximum  amount  of  time  that  would  elapse  before  all  target 
concentrations  were  achieved.  Although  the  concentrations  of  CAHs  detected  in  groundwater 
samples  from  Wells  #1  and  #4  were  lower  than  concentrations  historically  detected  in  samples 
from  well  SS45LG01MW,  groundwater  samples  from  Wells  #1  and  #4  contained  the  highest 
concentrations  of  DCE  isomers  detected  the  2500  Area.  The  concentrations  of  DCE  isomers  and 
VC,  in  samples  from  Wells  #1  and  #4,  were  therefore  selected  to  represent  chemical  conditions 
within  the  2500  Area. 

Mass-based  chemical  concentrations  were  converted  to  molar  concentrations  using  Equation 
F-2  (Appendix  F)  for  use  in  geochemical  calculations.  Accordingly,  the  concentration  of  TCE  in 
groundwater  samples  from  well  SS45L001MW  (560  uig/L)  is  equivalent  to  a  molar  concentration 
of  4.26  jamol/L;  and  the  concentration  of  DCE  isomers  in  groundwater  samples  from  well 
SS45L001MW  (12J  p,g/L)  is  equivalent  to  a  molar  concentration  of  0.124  |j.mol/L.  VC  was  not 
detected  in  groundwater  samples  from  well  SS45L001MW.  The  chemical  concentrations  in 
groundwater  samples  from  Wells  #1  and  #4  were  similarly  converted  to  molar  concentrations 
(Table  G.2). 

LDEQ  (1998)  has  adopted  the  federal  MCLs  for  TCE,  the  DCE  isomers,  and  VC  as  risk-based 
screening  levels  (RBSLs)  under  their  risk-based  corrective  action  (RBCA)  guidance  (LDEQ, 
1998).  The  England  AFB  BCT  has  concurred  with  the  use  of  these  promulgated 
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groundwater  standards  as  conservative  long-term  cleanup  goals  for  site  groundwater.  For 

the  purpose  of  these  calculations,  the  MCLs  for  TCE,  cis-l,2-DCE,  and  vinyl  chloride  were  the 
target  concentrations  specified  (Table  5.4-1).  Because  all  of  the  DCE  isomers  will  eventually 
degrade  to  VC,  the  concentrations  of  1,1-DCE,  c£s-l,2-DCE,  and  trans-l,2-DCE,  detected  during 
each  sampling  event,  were  summed  to  produce  a  concentration  of  "total  DCE  isomers"  during 
that  event  (Table  G.2).  Although  the  concentration  of  "total  DCE  isomers"  includes  the 
concentrations  of  1,1-DCE,  cw-l,2-DCE,  and  trans-l,2-DCE,  the  drinking-water  standard  for  cis- 
1,2-DCE  was  used  as  the  target  concentration  for  DCE  isomers,  because  czs- 1,2-DCE  has 
historically  comprised  greater  than  90  percent  of  the  total  mass  of  DCE  isomers  detected  in 
groundwater  samples  from  most  wells  at  Site  SS-45  (refer  to  Tables  1.3-2  and  4.3-1  of  the 
focussed  CMS  report). 

The  geochemical  calculations  were  structured  to  simulate  a  two-phase  system,  consisting  of 
soil  and  water.  All  organic  chemicals  in  the  system  are  assumed  to  be  present  initially  in  the 
sorbed  and  aqueous  phases,  but  mass-transfer  reactions  with  the  sorbed  phase  permit  a 
redistribution  of  chemical  mass  between  the  two  phases.  In  this  situation,  chemicals  can 
partition  from  soil  to  the  aqueous  phase,  so  that  soil  is  able  to  act  as  a  source  of  volatile  organic 
chemicals  in  groundwater.  However,  chemicals  can  also  partition  from  the  aqueous  phase  to  soil 
(“sorb”  to  soil).  The  structure  of  the  model  (Equation  G-l)  allows  different  initial  concentrations 
to  be  specified  in  both  the  sorbed  and  aqueous  phases.  For  example,  if  a  source  of  chemicals  is 
known  or  suspected  to  be  present  in  soil,  the  sorbed-phase  chemical  concentration  can  be 
estimated,  using  an  initial  aqueous-phase  chemical  concentration  (Appendix  F).  For  the  current 
series  of  calculations,  a  two-phase  system  consisting  of  soil  and  water  (with  the  initial 
concentrations  of  TCE,  DCE  isomers,  and  vinyl  chloride,  presented  in  Table  G.2)  was  used  in  all 
calculations.  In  essence,  this  simulates  conditions  in  which  chemicals  dissolved  in  groundwater 
are  in  equilibrium  with  chemicals  sorbed  to  soil,  within  a  "plume",  in  which  chemical  sorption 
and  retardation  occur. 

G4.0  RESULTS  OF  CALCULATIONS 

G4.1  Initial  Chemical  Concentrations  are  Concentrations  Detected  at  Well 

Initially,  two  simulations  were  completed  for  each  set  of  chemical  concentrations,  to  evaluate 
the  effects  of  pumping  groundwater  representative  of  current  conditions  in  the  groundwater 
system  at  each  of  three  wells  (well  SS45L001MW,  and  Wells  #1  and  #4).  The  first  simulation  at 
each  well  (Alternative  1)  assumed  that  no  pumping  occurred  (Vflow  =  0),  so  that  all  chemical 
mass  removal  occurred  as  a  result  of  chemical  degradation  (and,  secondarily,  of  diffusion).  The 
second  simulation  at  each  well  (Alternative  2a)  assumed  that  a  pumping  system,  extracting 
water  at  the  rate  of  0.01  pore  volume  per  year  {Vflow  =  0.01;  equivalent  to  20  gpm),  would  operate 
until  the  target  concentration  for  each  chemical  was  attained. 

The  calculated  times  required  to  achieve  target  concentrations  of  TCE,  cis-l,2-DCE,  and  vinyl 
chloride,  in  groundwater  near  Well  #1,  Well  #4,  and  SS45L001MW,  with  and  without  active 
pumping,  are  summarized  in  Table  G.2,  and  described  as  follow: 

•  TCE  is  not  present  in  groundwater  near  Well  #1.  In  the  absence  of  future  introduction  of 
TCE  to  groundwater  in  this  area,  target  concentrations  of  TCE  have  been  achieved. 
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TABLE  G.2 

Summary  of  Kinetic-Based  Calculations 
Initial  Chemical  Concentrations  are  Concentrations  Detected  at  Well 


VOLATILE  ORGANIC  CHEMICALS 

TCE 

Total  DCE 
Isomers 

Vinyl  Chloride 

Maximum  Contaminant  Level  Concentrations 
(fig/L) 

5 

70 

2 

WELL  #1 

Initial  Dissolved  Concentrations  (pg/L) 

ND 

157 

ND 

Initial  Sorbed  Concentrations  (mg/kg) 

ND 

0.053 

ND 

|  Time  to  Achieve  Target  Concentrations  at  Well  #1 

Natural  attenuation  only 

currently 

achieved 

5.5  years 

26.5  years 

Pumping  at  rate  of  0.01  pore  volume  per  year 

currently 

achieved 

5.5  years 

25.5  years 

Pumping  at  rate  of  0.06  pore  volume  per  year 

currently 

achieved 

4.5  years 

21  years 

WELL  #4  | 

Initial  Dissolved  Concentrations  (pg/L) 

ND 

480 

ND 

Initial  Sorbed  Concentrations  (mg/kg) 

ND 

0.162 

ND 

|  Time  to  Achieve  Target  Concentrations  at  Well  #4 

Natural  attenuation  only 

currently 

achieved 

13  years 

34  years 

Pumping  at  rate  of  0.0 1  pore  volume  per  year 

currently 

achieved 

12.5  years 

33.5  years 

Pumping  at  rate  of  0.06  pore  volume  per  year 

currently 

achieved 

10  years 

26  years 

|  WELL  SS45L001MW 

Initial  Dissolved  Concentrations  (pg/L) 

560 

12 

ND 

Initial  Sorbed  Concentrations  (mg/kg) 

0.35 

0.003 

ND 

j  Time  to  Achieve  Target  Concentrations  at  Well  SS45L001MW 

Natural  attenuation  only 

32  years 

21.5  years 

47  years 

Pumping  at  rate  of  0.01  pore  volume  per  year 

31  years 

20.5  years 

45  years 

Pumping  at  rate  of  0.06  pore  volume  per  year 

25.5  years 

15  years 

35  years 

Notes: 

1.  Chemical  concentrations  and  target  concentration  levels  presented  in  Sections  4  and  5  of  the  Report. 
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.  Chemical  degradation  alone  will  reduce  the  concentration  of  total  DCE  isomers  in 
groundwater  near  Well  #1  to  the  target  concentration  for  cis-l,2-DCE  in  a  period  of  about 
5.5  years.  If  pumping  at  a  rate  of  0.01  pore  volume  per  year  is  implemented  near  Well  #1, 
the  target  concentration  for  cis-l,2-DCE  will  be  achieved  in  a  period  of  about  5.5  years. 

•  Chemical  degradation  alone  will  reduce  the  concentration  of  vinyl  chloride  in  groundwater 
near  Well  #1  to  the  target  concentration  for  vinyl  chloride  in  a  period  of  about  26.5  years. 
If  pumping  at  a  rate  of  0.01  pore  volume  per  year  is  implemented  near  Well  #1,  the  target 
concentration  for  vinyl  chloride  will  be  achieved  in  a  period  of  about  25.5  years. 

The  concentrations  of  volatile  organic  chemicals  in  groundwater  near  Well  #1  are  somewhat 
lower  than  the  concentrations  in  groundwater  near  either  of  Wells  #4  or  SS45L001MW;  and  the 
times  required  to  achieve  the  target  concentrations  are  correspondingly  shorter  at  Well  #1  than  at 
either  of  the  other  two  wells.  The  additional  time  required  to  remove  volatile  organic  chemicals 
from  groundwater  near  well  SS45L001MW  is  a  consequence  not  only  of  the  higher 
concentrations  of  volatile  organic  chemicals  in  this  area,  but  also  of  the  fact  that  TCE  is  the 
primary  chemical  in  groundwater  samples  from  well  SS45L001MW,  while  TCE  has  not  been 
detected  in  groundwater  samples  from  Well  #1.  The  additional  time  required  to  degrade  TCE  to 
DCE,  prior  to  degrading  DCE  to  vinyl  chloride,  increases  the  length  of  time  required  for 
complete  chemical  removal.  For  example,  the  calculated  time  for  chemical  degradation  alone  to 
achieve  the  target  concentration  for  TCE  in  groundwater  near  well  SS45L001MW  is  about  32 
years;  if  pumping  at  a  rate  of  0.01  pore  volumes  per  year  were  implemented  near  well 
SS45L001MW,  the  target  concentration  for  TCE  would  be  achieved  in  31  years.  However, 
because  of  the  additional  time  required  to  degrade  the  TCE  daughter  products,  the  total  length  of 
time  required  for  chemical  degradation  alone  to  achieve  the  target  concentration  for  vinyl 
chloride  in  groundwater  near  well  SS45L001MW  is  about  48  years;  if  pumping  at  a  rate  of  0.01 
pore  volumes  per  year  were  implemented  near  well  SS45L001MW,  target  concentrations  of 
vinyl  chloride  would  be  achieved  in  about  45  years  (Table  G.2). 

Note  that  description  of  the  removal  of  chemical  mass  due  to  advection  (“pumping”),  in  terms 
of  pore  volumes,  assumes  that  chemical  concentrations  are  uniform  throughout  the  pore  volume 
at  a  particular  point  in  time;  and  that  the  rate  of  mass  removal  occurs  at  the  same  rate  throughout 
the  pore  volume  as  water  moves  advectively  through  the  medium.  Therefore,  representation  of 
the  system  at  initial  chemical  concentrations  equal  to  the  concentrations  detected  in  a  particular 
well  assumes  that  groundwater  throughout  the  entire  pore  volume  surrounding  the  well  contains 
chemicals  at  that  concentration  (e.g.,  DCE  isomers  are  initially  present  to  a  radius  of  2,000  feet 
throughout  the  groundwater  system  surrounding  Well  #1,  at  a  concentration  of  157  pg/L). 
Furthermore,  this  description  of  pore-volume  removal  rates  is  the  conceptual  equivalent  of  a 
batch-flushing  model  (Appendix  G,  Section  G5.6),  and  groundwater  flow  velocities  are 
implicitly  assumed  to  be  equal  throughout  the  pore  volume  (e.g.,  the  rate  of  advective  removal  of 
water  and  chemicals  is  everywhere  the  same).  In  fact,  as  a  consequence  of  the  radial  flow  field 
surrounding  a  pumping  well,  the  rate  of  pore- volume  removal  is  faster  near  the  well  than  at  larger 
radial  distances  from  the  well. 

Although  capture-zone  calculations  indicate  that  groundwater  will  be  extracted  from  the 
Intermediate  Sand  unit  at  radial  distances  at  least  2,000  feet  from  a  well,  pumping  at  a  rate  of  20 
gpm,  chemicals  within  the  porous  medium  nearest  the  extraction  well  will  be  more  effectively 
removed  by  pumping,  because  (assuming  rapid  equilibration  between  sorbed  and  dissolved 
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chemical  phases)  the  rate  of  extraction  per  unit  time  is  greater  nearer  the  well.  Additional 
simulations  were  therefore  completed  to  address  the  simplifications,  inherent  in  the  batch- 
flushing  conceptualization.  The  extraction  rate  of  the  pumping  well  was  increased,  to  120  gpm 
(Alternative  2b),  and  the  capture  zone  for  the  pumping  well  was  arbitrarily  assumed  to  remain  at 
a  radial  distance  of  2,000  feet  from  the  pumping  well.  A  single  well,  pumping  at  a  rate  of  120 
gpm,  will  move  about  0.06  pore  volume  per  year  through  a  cylindrical  volume  of  porous 
medium,  of  radius  2,000  feet,  surrounding  the  well.  The  calculated  times  required  to  achieve 
target  concentrations  of  TCE,  cis-l,2-DCE,  and  vinyl  chloride,  in  groundwater  near  Well  #1, 
Well  #4,  and  SS45L001MW,  with  active  pumping  occurring  at  a  rate  of  0.06  pore  volume  per 
year,  are  summarized  in  Table  G.2,  and  described  as  follow: 

•  Chemical  degradation  alone  will  reduce  the  concentration  of  total  DCE  isomers  in 
groundwater  near  Well  #1  to  the  target  concentration  for  cis-l,2-DCE  in  a  period  of  about 
5.5  years.  If  pumping  at  a  rate  of  0.06  pore  volume  per  year  is  implemented  near  Well  #1, 
the  target  concentration  for  cis-l,2-DCE  will  be  achieved  in  a  period  of  about  4.5  years. 

•  Chemical  degradation  alone  will  reduce  the  concentration  of  vinyl  chloride  in  groundwater 
near  Well  #1  to  the  target  concentration  for  vinyl  chloride  in  a  period  of  about  26.5  years. 
If  pumping  at  a  rate  of  0.06  pore  volume  per  year  is  implemented  near  Well  #1,  the  target 
concentration  for  vinyl  chloride  will  be  achieved  in  a  period  of  about  21  years. 

Similarly,  the  calculated  time  for  chemical  degradation  alone  to  achieve  the  target 
concentration  for  TCE  in  groundwater  near  well  SS45L001MW  is  about  32  years;  if  pumping  at 
a  rate  of  0.06  pore  volume  per  year  were  implemented  near  well  SS45L001MW,  the  target 
concentration  for  TCE  would  be  achieved  in  25.5  years.  The  time  required  for  chemical 
degradation  alone  to  achieve  the  target  concentration  for  vinyl  chloride  in  groundwater  near  well 
SS45L001MW  is  about  48  years;  if  pumping  at  a  rate  of  0.06  pore  volume  per  year  were 
implemented  near  well  SS45L001MW,  target  concentrations  of  vinyl  chloride  would  be  achieved 
in  about  35  years  (Table  G.2). 

G4.2  Initial  Chemical  Concentrations  are  Maximum  Concentrations  Detected  in  Vicinity 
of  Well 

The  distribution  of  groundwater  flow  velocities  in  the  vicinity  of  a  pumping  well  is  such  that 
groundwater  within  the  radius  of  influence  near  the  well  moves  toward  the  well  screen  at  higher 
velocities  than  does  groundwater  at  greater  radial  distances  (Keely  and  Tsang,  1983). 
Consideration  of  the  batch- flushing  concepts  inherent  in  the  structure  of  the  kinetic-based  model 
indicates  that  removal  (“flushing”)  of  chemicals  from  the  porous  medium  at  small  radial 
distances  from  an  extraction  well  will  occur  more  rapidly  than  will  flushing  of  chemicals  at 
larger  radial  distances,  as  a  consequence  of  the  decreasing  groundwater  flow  velocities  (and 
consequent  declining  rate  of  pore-volume  removal)  with  radial  distance.  The  first  series  of 
kinetic-based  calculations  (Section  G4.1,  above)  assumed  that  the  initial  concentrations  of 
chemicals  in  groundwater  within  a  radial  distance  encompassing  one  pore  volume  surrounding  an 
extraction  well  were  equal  to  the  concentrations  that  have  been  detected  in  groundwater  samples 
from  that  well  (e.g.,  157  |j,g/L  of  total  DCE  isomers  in  groundwater  samples  from  Well  #1;  Table 
G.2). 

In  reality,  chemical  concentrations  in  groundwater  within  Site  SS-45,  England  AFB,  are 
spatially  variable,  as  a  consequence  of  subsurface  heterogeneities,  widely-distributed  points  of 
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introduction  of  chemicals  to  groundwater,  and  differences  in  history  of  chemical  discharge.  It 
therefore  seems  likely  that  groundwater  in  some  parts  of  the  pore  volume  within  the  radius  of 
influence  (radius  of  capture)  of  an  extraction  well  could  contain  chemicals  at  higher 
concentrations  than  have  been  detected  in  groundwater  samples  collected  from  the  locations 
considered  for  extraction  wells  (Wells  #1,  #4,  and  SS45L001MW).  For  example,  vinyl  chloride 
was  not  detected  in  groundwater  samples  collected  from  Well  #4,  in  the  2500  Area  of  the  Base 
(Section  4  of  the  report).  However,  elevated  concentrations  of  vinyl  chloride,  ranging  from  420 
pg/L  to  1,260  pg/L,  have  historically  been  detected  in  groundwater  samples  from  Well 
A39L010PZ.  Well  A39L010PZ  is  about  400  feet  south  of  Well  #4,  and  thus  lies  within  the  pore 
volume  surrounding  Well  #4.  If  groundwater  extraction  were  implemented  in  the  2500  Area,  the 
ultimate  fate  of  vinyl  chloride  in  groundwater  near  well  A39L010PZ  would  thus  be  to  degrade 
naturally,  or  to  be  removed  with  groundwater  pumped  from  an  extraction  well  near  Well  #4. 

Such  zones,  containing  chemicals  at  relatively  elevated  concentrations,  may  occur  at  any  point 
within  the  pore  volume  surrounding  an  extraction  well;  and  removal  of  chemicals  from  the 
porous  medium  at  greater  radial  distances  from  the  extraction  well  will  occur  more  slowly  than 
will  removal  of  chemicals  from  nearby  locations.  Therefore,  a  second  series  of  calculations  was 
completed,  using  the  maximum  concentrations  of  chemicals  detected  in  the  vicinity  of  each 
extraction  point  as  the  initial  concentrations  in  the  groundwater  system  within  the  pore  volume 
surrounding  the  extraction  point  (Table  G.3).  Use  of  the  maximum  chemical  concentrations 
detected  in  groundwater  within  a  particular  area  as  the  initial  concentrations  for  a  simulation 
provides  an  upper-bound  estimate  of  the  length  of  time  required  to  achieve  the  specified  target 
concentrations. 

The  maximum  concentration  of  DCE  isomers  in  groundwater  in  the  southern  part  of  the  2500 
Area  (157  pg/L  of  DCE  as  total  isomers)  was  detected  in  the  groundwater  sample  collected  from 
Well  #1,  in  March  1999.  The  maximum  concentration  of  vinyl  chloride  detected  in  groundwater 
in  the  vicinity  of  Well  #1  within  the  same  time  frame  (120  pg/L)  was  detected  in  the 
groundwater  sample,  collected  from  Well  #5  in  March  1999.  TCE  was  not  detected  in 
groundwater  samples  collected  from  the  southern  part  of  the  2500  Area.  The  concentrations  of 
total  DCE  isomers  and  vinyl  chloride  detected  in  groundwater  samples  from  Wells  #1  and  #5, 
respectively,  were  therefore  used  as  initial  chemical  concentrations  in  the  second  series  of 
kinetic-based  calculations,  completed  for  the  southern  part  of  the  2500  Area. 

The  maximum  concentration  of  DCE  isomers  in  groundwater  in  the  northern  part  of  the  2500 
Area  (480  pg/L  of  DCE  as  total  isomers)  was  detected  in  the  groundwater  sample  collected  from 
Well  #4,  in  March  1999;  and  vinyl  chloride  was  detected,  at  a  concentration  of  420  pg/L  in  the 
groundwater  sample,  collected  from  Well  A39L010PZ  in  March  1999.  These  were  used  as  the 
initial  chemical  concentrations  in  the  second  series  of  kinetic-based  calculations,  completed  for 
the  northern  part  of  the  2500  Area. 

The  maximum  concentration  of  TCE  in  groundwater  in  the  800  Area  (560  pg/L)  in  March 
1999  was  detected  in  the  groundwater  sample  collected  from  Well  SS45L001MW.  The 
maximum  concentrations  of  DCE  isomers  and  vinyl  chloride  (124  pg/L  and  3  pg/L,  respectively) 
in  samples  collected  from  the  vicinity  of  Well  SS45L001MW,  in  March  1999,  were  detected  in 
groundwater  samples  from  Wells  #11  and  #15.  These  were  used  as  the  initial  chemical 
concentrations  in  the  second  series  of  kinetic-based  calculations,  completed  for  the  800  Area. 
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TABLE  G.3 

Summary  of  Kinetic-Based  Calculations 

Initial  Chemical  Concentrations  are  Maximum  Concentrations  Detected  in  Vicinity 


VOLATILE  ORGANIC  CHEMICALS 

TCE 

Total  DCE 
Isomers 

Vinyl  Chloride 

Maximum  Contaminant  Level  Concentrations 
(pg/L) 

5 

70 

2 

WELL  #1 

Initial  Dissolved  Concentrations  (pg/L) 

ND 

157 

120 

Initial  Sorbed  Concentrations  (mg/kg) 

ND 

0.002 

Time  to  Achieve  Target  Concentrations  at  Well  #1 

Natural  attenuation  only 

currently 

achieved 

5.5  years 

26.5  years 

Pumping  at  rate  of  0.01  pore  volume  per  year 

currently 

achieved 

5.5  years 

25.5  years 

Pumping  at  rate  of  0.06  pore  volume  per  year 

currently 

achieved 

4.5  years 

21  years 

|  ■  WELL  #4 

Initial  Dissolved  Concentrations  (pg/L) 

ND 

480 

420 

Initial  Sorbed  Concentrations  (mg/kg) 

ND 

0.162 

0.008 

ji  Time  to  Achieve  Target  Concentrations  at  Well  #4  | 

Natural  attenuation  only 

currently 

achieved 

13  years 

34  years 

Pumping  at  rate  of  0.01  pore  volume  per  year 

currently 

achieved 

12.5  years 

33.5  years 

Pumping  at  rate  of  0.06  pore  volume  per  year 

currently 

achieved 

10  years 

26  years 

||  WELL  SS45L001MW 

Initial  Dissolved  Concentrations  (pg/L) 

560 

124 

3 

Initial  Sorbed  Concentrations  (mg/kg) 

0.35 

0.032 

ND 

||  Time  to  Achieve  Target  Concentrations  at  Well  SS45L001MW 

Natural  attenuation  only 

32  years 

22  years 

48  years 

Pumping  at  rate  of  0.01  pore  volume  per  year 

31  years 

21.5  years 

47  years 

Pumping  at  rate  of  0.06  pore  volume  per  year 

25.5  years 

15.5  years 

35  years 

Notes: 

1 .  Chemical  concentrations  and  target  concentration  levels  presented  in  Sections  4  and  5  of  the  Report. 
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Three  simulations  were  completed  for  each  set  of  chemical  concentrations,  to  evaluate  the 
effects  of  pumping  groundwater  representative  of  maximum  detected  chemical  concentrations  in 
the  groundwater  system  in  the  vicinity  of  each  of  three  wells  (well  SS45L001MW,  and  Wells  #1 
and  #4).  The  first  simulation  at  each  well  assumed  that  no  pumping  occurred  (Vflow  =  0),  so  that 
all  chemical  mass  removal  occurred  solely  as  a  result  of  chemical  degradation.  The  second 
simulation  at  each  well  assumed  that  a  pumping  system,  extracting  water  at  the  rate  of  0.01  pore 
volume  per  year  (Vflow  -  0.01),  would  operate  until  the  target  concentration  for  each  chemical  was 
attained.  The  third  simulation  at  each  well  assumed  that  a  pumping  system,  extracting  water  at 
the  rate  of  0.06  pore  volume  per  year  ( Vflow  =  0.06),  would  operate  until  the  target  concentration 
for  each  chemical  was  attained. 

The  calculated  times  required  to  achieve  target  concentrations  of  TCE,  cis-l,2-DCE,  and  vinyl 
chloride,  in  groundwater  near  Well  #1,  Well  #4,  and  SS45L001MW,  with  and  without  active 
pumping,  are  summarized  in  Table  G.3,  and  described  as  follow: 

•  TCE  is  not  present  in  groundwater  near  Well  #1.  In  the  absence  of  future  introduction  of 
TCE  to  groundwater  in  this  area,  target  concentrations  of  TCE  have  been  achieved. 

•  Chemical  degradation  alone  will  reduce  the  maximum  concentration  of  total  DCE  isomers 
in  groundwater  near  Well  #1  to  the  target  concentration  for  cis-l,2-DCE  in  a  period  of 
about  5.5  years.  If  pumping  at  a  rate  of  0.01  pore  volume  per  year  is  implemented  near 
Well  #1,  the  target  concentration  for  cis-l,2-DCE  will  be  achieved  in  a  period  of  about  5.5 
years.  If  pumping  at  a  rate  of  0.06  pore  volume  per  year  is  implemented  near  Well  #1,  the 
target  concentration  for  cis-l,2-DCE  will  be  achieved  in  a  period  of  about  5.5  years. 

•  Chemical  degradation  alone  will  reduce  the  maximum  concentration  of  vinyl  chloride  in 
groundwater  near  Well  #1  to  the  target  concentration  for  vinyl  chloride  in  a  period  of  about 
26.5  years.  If  pumping  at  a  rate  of  0.01  pore  volume  per  year  is  implemented  near  Well  #1, 
the  target  concentration  for  vinyl  chloride  will  be  achieved  in  a  period  of  about  25.5  years. 

If  pumping  at  a  rate  of  0.06  pore  volume  per  year  is  implemented  near  Well  #1,  the  target 
concentration  for  vinyl  chloride  will  be  achieved  in  a  period  of  about  21  years. 

These  results  are  nearly  identical  to  the  results,  previously  obtained,  assuming  that  the 
chemical  concentrations  historically  detected  in  groundwater  samples  from  Well  #1  represent 
current  conditions  throughout  the  pore  volume  surrounding  the  well  (neglecting  maximum 
chemical  concentrations  detected  elsewhere).  This  occurs  because  Well  #1  was  selected  as  an 
extraction  location  on  the  basis  of  having  the  highest  concentrations  of  the  most  highly 
chlorinated  CAH  detected  in  the  southern  part  of  the  2500  Area.  Dechlorination  of  the  most 
highly  chlorinated  CAH  occurring  in  groundwater  is  the  rate-limiting  step  for  removal  of 
chlorinated  constituents,  and  daughter  products,  from  groundwater.  Dehalogenation  of  vinyl 
chloride  cannot  proceed  to  complete  mineralization  until  all  the  DCE  has  already  been  degraded 
to  vinyl  chloride.  Similar  results  are  obtained  using  the  maximum  concentrations  of  TCE  and 
daughter  products  detected  in  groundwater  in  the  vicinity  of  Wells  #4  and  SS45L001MW  as  the 
initial  concentrations  of  chemicals  in  the  pore  volume  surrounding  those  wells. 
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G4.3  Initial  Chemical  Concentrations  are  Median  Concentrations  Detected  in  Vicinity  of 
Well 

The  assumption  that  all  groundwater  contained  within  one  pore  volume  of  the  Intermediate 
Sand  unit  initially  contains  chemicals  at  the  maximum  concentrations  detected  in  the  vicinity  of 
the  extraction  wells  provides  an  upper-bound  estimate  of  the  probable  length  of  time  required  to 
achieve  the  specified  target  concentrations.  However,  the  spatial  variability  of  chemical 
concentrations  in  groundwater  within  Site  SS-45,  England  AFB,  suggests  that  this  assumption 
may  be  overly  conservative  when  applied  to  estimation  of  the  most  likely  time  period  required  to 
achieve  the  specified  concentrations.  If  the  concentrations  of  chemicals  detected  in  groundwater 
samples  collected  from  wells  in  the  vicinity  of  a  particular  extraction  point  are  generally 
representative  of  chemical  conditions  throughout  the  groundwater  system  surrounding  that 
extraction  point,  then  some  “average”  value  of  chemical  concentrations  will  be  more 
representative  of  conditions  within  the  pore  volume  of  the  Intermediate  Sand  unit  surrounding 
the  extraction  point.  In  order  to  evaluate  the  length  of  time  required  to  achieve  target 
concentrations,  with  initial  chemical  concentrations  representative  of  current  conditions,  a  third 
series  of  kinetic-based  calculations  was  completed,  using  median  values  of  chemical 
concentrations  detected  in  groundwater  samples  collected  in  the  vicinity  of  each  extraction  point. 

(Median  chemical  concentration  values  were  used,  because  the  underlying  population 
distribution  of  concentrations  is  not  known,  and  the  median  is  statistically  the  most  robust 
estimator  of  the  “average”  value  in  this  situation  [Rock,  1988,  p.  86ff]). 

Wells  #5,  #6,  #7,  A39L011PZ,  and  A39L012PZ  are  completed  in  the  Intermediate  Sand  unit 
in  the  vicinity  (a  radial  distance  of  750  feet)  of  the  assumed  extraction  point  (Well  #1),  in  the 
southern  part  of  the  2500  Area  (Figure  4.4-3  of  the  focussed  CMS  report).  TCE  was  not  detected 
in  groundwater  samples  collected  from  any  of  these  wells  in  March  1999.  The  median 
concentration  of  DCE  in  groundwater  in  the  vicinity  of  Well  #1  (48  pg/L  as  total  isomers)  was 
detected  in  the  sample  collected  from  well  A39L011PZ;  and  the  median  concentration  of  vinyl 
chloride,  detected  in  groundwater  samples  collected  from  the  seven  wells  in  March  1999  was  0.0 
pg/L.  The  median  concentrations  of  total  DCE  isomers  and  vinyl  chloride  detected  in 
groundwater  samples  from  the  vicinity  of  Well  #1  were  used  as  initial  chemical  concentrations  in 
the  third  series  of  kinetic-based  calculations,  completed  for  the  southern  part  of  the  2500  Area 
(Table  G.4). 

Wells  #2,  #3,  #5,  A39L010PZ,  and  A39L019PZ  are  in  the  vicinity  of  the  assumed  extraction 
point  (Well  #4),  in  the  northern  part  of  the  2500  Area  (Figure  4.4-3  of  the  report).  TCE  was  not 
detected  in  groundwater  samples  collected  from  any  of  these  wells  in  March  1999.  The  median 
concentration  of  DCE  in  groundwater  in  the  vicinity  of  Well  #4  (12  pg/L  as  total  isomers)  was 
detected  in  the  sample  collected  from  well  A39L010PZ  in  March  1999.  The  median 
concentration  of  vinyl  chloride  in  groundwater  in  the  vicinity  of  Well  #4  (0.5  pg/L)  was  detected 
in  the  groundwater  sample  collected  from  Well  #2.  These  median  concentrations  of  total  DCE 
isomers  and  vinyl  chloride  were  used  as  initial  chemical  concentrations  in  the  third  series  of 
kinetic-based  calculations,  completed  for  the  northern  part  of  the  2500  Area  (Table  G.4). 

Wells  #10,  #11,  #13,  #15,  and  A39L009PZ,  completed  in  the  Intermediate  Sand  unit  in  the 
vicinity  of  the  assumed  extraction  point  (Well  SS45L001MW)  in  the  800  Area  (Figures  4.4-2 
and  4.4-3  of  the  focussed  CMS  report),  were  sampled  in  March  1999.  The  median  concentration 
of  TCE  detected  in  groundwater  samples,  collected  in  the  vicinity  of  Well  SS45L001MW  in 
March  1999  (34  pg/L)  was  detected  in  the  sample  from  Well  A39L009PZ.  The  median 
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TABLE  G.4 

Summary  of  Kinetic-Based  Calculations 

Initial  Chemical  Concentrations  are  Median  Concentrations  Detected  in  Vicinity 


VOLATILE  ORGANIC  CHEMICALS 

TCE 

Total  DCE 
Isomers 

Vinyl  Chloride 

Maximum  Contaminant  Level 
|  Concentrations  (fig/L) 

5 

70 

2 

WELL  #1 


Initial  Dissolved  Concentrations  (ug/L) 


Initial  Sorbed  Concentrations  (mg/kg) 


Time  to  Achieve  Target  Concentrations  at  Well  #1 


ND 

48 

ND 

ND 

0.016 

ND 

Initial  Dissolved  Concentrations  (ug/L) 


Initial  Sorbed  Concentrations  (mg/kg) 


WELL  #4 


ND 


ND 


Time  to  Achieve  Target  Concentrations  at  Well  #4 


WELL  SS45L001MW 


Initial  Dissolved  Concentrations  (pg/L) 

34 

32 

1.4 

Initial  Sorbed  Concentrations  (mg/kg) 

0.021 

0.008 

ND 

f  Time  to  Achieve  Target  Concentrations  at  Well  SS45L001MW 

Natural  attenuation  only 

13  years 

currently 

achieved 

25  years 

Pumping  at  rate  of  0.01  pore  volumes  per  year 

12.5  years 

currently 

achieved 

23.5  years 

Pumping  at  rate  of  0.06  pore  volumes  per  year 

10.5  years 

currently 

achieved 

17.5  years 
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concentration  of  DCE  in  groundwater  in  the  vicinity  of  Well  #SS45L001MW  (32  j_ig/L  as  total 
isomers)  was  detected  in  the  sample  collected  from  Well  #10;  and  median  concentration  of  vinyl 
chloride  (1.4  pg/L)  was  detected  in  the  groundwater  sample  from  well  A39L009PZ.  These 
median  concentrations  were  used  as  initial  chemical  concentrations  in  the  third  series  of  kinetic- 
based  calculations,  completed  for  the  800  Area  (Table  G.4). 

Three  simulations  were  completed  for  each  set  of  chemical  concentrations,  to  evaluate  the  effects 
of  pumping  groundwater  containing  TCE  and  its  daughter  products  at  concentrations 
representative  of  concentrations  throughout  the  groundwater  system  (the  median  concentrations) 
in  the  vicinity  of  each  of  three  wells  (well  SS45L001MW,  and  Wells  #1  and  #4).  The  first 
simulation  at  each  well  assumed  that  no  pumping  occurred  (Vflow  =  0),  so  that  all  chemical  mass 
removal  occurred  solely  as  a  result  of  chemical  degradation.  The  second  simulation  at  each  well 
assumed  that  a  pumping  system,  extracting  water  at  the  rate  of  0.01  pore  volume  per  year  (Vflow  = 
0.01),  would  operate  until  the  target  concentration  for  each  chemical  was  attained.  The  third 
simulation  at  each  well  assumed  that  a  pumping  system,  extracting  water  at  the  rate  of  0.06  pore 
volume  per  year  (Vflow  =  0.06),  would  operate  until  the  target  concentration  for  each  chemical  was 
attained. 

The  calculated  times  required  to  achieve  target  concentrations  of  TCE,  cis-l,2-DCE,  and  vinyl 
chloride,  in  groundwater  near  Well  #1,  Well  #4,  and  SS45L001MW,  with  and  without  active 
pumping,  are  summarized  in  Table  G.4,  and  described  as  follow: 

.  TCE  is  not  present  in  groundwater  near  Well  #1.  In  the  absence  of  future  introduction  of 
TCE  to  groundwater  in  this  area,  target  concentrations  of  TCE  have  been  achieved. 

.  The  median  concentration  of  total  DCE  isomers  in  groundwater  near  Well  #1  is  currently 
below  the  target  concentration  for  cis-l,2-DCE.  In  the  absence  of  future  introduction  of 
TCE  or  DCE  isomers  to  groundwater  in  this  area,  the  median  concentration  of  DCE 
isomers  will  remain  below  the  target  concentration  for  cis-l,2-DCE. 

.  Chemical  degradation  alone  will  reduce  the  median  concentration  of  vinyl  chloride  in 
groundwater  near  Well  #1  to  the  target  concentration  for  vinyl  chloride  in  a  period  of  about 
18.5  years.  This  is  about  eight  years  less  than  would  be  required  for  chemical  degradation 
alone  to  reduce  the  maximum  concentration  of  vinyl  chloride  in  groundwater  near  Well  #1 
to  the  target  concentration  for  vinyl  chloride.  If  pumping  at  a  rate  of  0.01  pore  volume  per 
year  is  implemented  near  Well  #1,  the  target  concentration  for  vinyl  chloride  would  be 
achieved  in  a  period  of  about  18  years.  If  pumping  at  a  rate  of  0.06  pore  volume  per  year 
were  implemented  near  Well  #1,  the  target  concentration  for  vinyl  chloride  would  be 
achieved  in  a  period  of  about  14  years. 

Similarly,  shorter  periods  of  time  are  required  to  achieve  target  concentrations  of  TCE,  cis- 
1,2-DCE,  and  vinyl  chloride  in  groundwater  if  median,  rather  than  maximum,  chemical 
concentrations  in  groundwater  in  the  vicinity  of  extraction  wells  located  at  Well  #4  and 
SS45L001MW  are  assumed  to  represent  the  initial  concentrations  of  chemicals  in  the  pore 
volume  surrounding  those  wells  (Table  G.4). 
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G4.4  Discussion 


The  results  of  kinetic-based  geochemical  calculations  indicate  that,  under  the  assumptions 
made  to  estimate  initial  and  existing  conditions  in  the  subsurface,  and  given  the  simplifications 
inherent  in  portraying  a  complex,  heterogeneous  system  with  a  set  of  differential  equations,  in 
most  circumstances  there  is  little  difference  in  the  times  required  to  reach  target  concentrations  of 
TCE  and  its  daughters,  with  or  without  pumping.  This  occurs  primarily  because  sorption  of 
chemicals  to  soil  hinders  the  removal  of  chemicals  via  groundwater  extraction. 

Because  natural  attenuation  processes  will,  in  time,  remove  most  of  the  chemical  mass  from 
groundwater  at  Site  SS-45,  whether  or  not  groundwater  extraction  is  implemented,  the  length  of 
time  required  for  full  implementation  of  a  natural  attenuation  remedy,  or  of  a  remedy  that 
combines  natural  attenuation  and  groundwater  extraction,  depends  on  the  mechanics  of  the 
degradation  process  (Equation  G-2).  As  TCE  and  its  DCE  daughter  compounds  are  removed 
from  the  groundwater  system  by  degradation  or  extraction  processes,  vinyl  chloride  is  generated, 
and  will  thus  be  the  last  of  the  TCE  daughter  products  remaining  in  groundwater  at  Site  SS-45. 
Furthermore,  the  target  concentration  of  vinyl  chloride  (2  pg/L)  is  the  lowest  of  any  compound  in 
the  TCE  degradation  chain.  Because  vinyl  chloride  is  generated  as  other  CAH  compounds  are 
degraded,  and  because  the  target  concentrations  of  vinyl  chloride  are  lower  than  those  of  TCE 
and  its  other  daughters,  the  time  required  to  achieve  target  concentrations  of  vinyl  chloride  in 
groundwater  is  correspondingly  longer  than  the  times  required  to  achieve  target  concentrations  of 
TCE  or  DCE  isomers.  Therefore,  the  time  required  to  achieve  target  concentrations  of  vinyl 
chloride  represents  the  full  implementation  period  for  any  groundwater  remedy. 

A  relatively  broad  range  of  initial  chemical  concentrations  was  used  in  the  kinetic-based 
calculations  —  concentrations  detected  in  samples  at  the  locations  of  the  assumed  extraction 
wells,  maximum  concentrations,  and  median  concentrations  detected  in  groundwater  samples 
from  the  vicinity  of  assumed  extraction  wells.  Several  different  pumping  rates  (expressed  as 
pore  volumes  per  year)  were  also  examined  -  no  pumping;  pumping  at  a  rate  of  0.01  pore 
volume  per  year,  equivalent  to  a  single  well  extracting  groundwater  at  a  rate  of  20  gpm  from  a 
cylindrical  volume  having  a  2,000-foot  radius;  and  pumping  at  a  rate  of  0.06  pore  volume  per 
year,  equivalent  to  a  single  well  extracting  groundwater  at  a  rate  of  120  gpm  from  a  cylindrical 
volume  having  a  2,000-foot  radius.  These  provide  reasonable  estimates  of  upper  and  lower 
bounds  for  the  length  of  the  time  period  required  to  achieve  target  concentrations  of  TCE  and  its 
daughter  products  in  groundwater  at  Site  SS-45,  for  a  system  in  which  chemical  removal  occurs 
through  degradation  only,  and  for  a  system  in  which  chemical  removal  occurs  through  a 
combination  of  chemical  degradation  and  pumping.  Those  estimates  can  be  further  refined,  for 
the  purposes  of  evaluating  and  costing  a  conceptual  extraction  and  treatment  system  for 
groundwater,  containing  volatile  organic  chemicals  at  Site  SS-45,  England  AFB. 

G4.4.1  Time  Required  for  Natural  Attenuation  Alone  to  Achieve  Target  Chemical 
Concentrations  in  Groundwater 

We  note  first  that  no  groundwater  extraction  will  occur  during  implementation  of  remedies 
depending  solely  on  natural  attenuation  of  TCE  and  daughter  products  to  achieve  target 
concentrations.  This  means  that  movement  of  groundwater  in  the  subsurface,  and  associated 
migration  and  mixing  of  chemicals  from  point  to  point,  will  be  minimal  during  the 
implementation  period  of  a  natural  attenuation  remedy.  Furthermore,  first-order  degradation 
processes  are  assumed  to  proceed  at  the  same  rate  at  every  point  in  the  subsurface,  regardless  of 
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the  initial  chemical  concentrations.  If  reduction  of  the  concentrations  of  TCE  and  its  daughter 
products  to  target  concentrations  at  every  point  in  groundwater  in  the  Intermediate  and  Deep 
Sand  units  is  identified  as  the  remediation  criterion  for  Site  SS-45,  then  because  mixing  of 
chemicals  will  not  occur,  the  maximum  chemical  concentrations  detected  in  the  800  Area  and 
2500  Area  are  the  appropriate  initial  chemical  concentrations  for  estimating  the  time  required  for 
full  implementation  of  remedies  depending  solely  on  natural  attenuation.  Therefore,  a  remedial 
measure  for  groundwater  relying  on  natural  attenuation  alone,  implemented  in  the  southern  part 
of  the  2500  Area  (in  the  vicinity  of  Well  #1),  will  require  a  period  of  about  26.5  years  to  achieve 
target  concentrations  of  vinyl  chloride.  A  natural-attenuation  remedy  for  groundwater 
implemented  in  the  northern  part  of  the  2500  Area  (in  the  vicinity  of  Well  #4)  will  require  a 
period  of  about  34  years  to  achieve  target  concentrations  of  vinyl  chloride;  and  a  natural- 
attenuation  remedy  for  groundwater  implemented  in  the  800  Area  will  require  a  period  of  about 
48  years  to  achieve  target  concentrations  of  vinyl  chloride. 

G4.4.2  Time  Required  for  Natural  Attenuation  in  Combination  with  Groundwater 
Extraction  to  Achieve  Target  Chemical  Concentrations  in  Groundwater 

Remedies  that  utilize  groundwater  extraction  also  rely  to  a  large  degree  on  natural  attenuation 
mechanisms  to  remove  chemicals  from  groundwater.  In  active  extraction  remedies,  RNA  is 
supplemented  by  pumping,  which  moves  groundwater  through  zones  that  contain  chemicals  to 
advectively  transport  dissolved  chemical  mass  to  the  extraction  point.  The  rate  of  groundwater 
movement  (the  groundwater  flow  velocity)  varies  with  radial  distance  from  the  extraction  point  - 
higher  velocities  occur  near  an  extraction  well,  and  lower  velocities  occur  at  greater  distances 
from  the  well.  The  radius  of  capture  for  a  well  that  withdraws  water  from  the  Intermediate  Sand 
unit  will  probably  exceed  2,000  feet  (Section  G1.2).  It  is  not  possible  to  estimate  the  varying 
concentrations  of  chemicals  throughout  the  full  saturated  volume  of  the  Intermediate  Sand  unit 
that  would  be  affected  by  an  extraction  well.  Neither  is  it  possible  to  calculate  directly  the  time 
required  for  chemical  removal,  assuming  a  spatially-variable  distribution  of  chemical 
concentrations,  because  calculation  of  groundwater  extraction  and  chemical  removal  rates  in 
terms  of  pore  volumes  requires  that  the  initial  concentrations  of  chemicals  within  a  pore  volume 
be  uniform.  If  some  zone  within  the  Intermediate  Sand  unit,  containing  elevated  concentrations 
of  TCE  and  daughter  products,  is  located  at  a  relatively  great  distance  from  a  groundwater 
extraction  point  (e.g.,  near  the  extreme  radius  of  influence  of  an  extraction  well),  then 
groundwater  flow  velocities  through  that  zone  will  be  relatively  low  (perhaps  0.01  pore-volume 
equivalents  per  year,  or  less),  and  most  removal  of  chemical  mass  will  occur  as  a  consequence  of 
in-situ  chemical  degradation,  rather  than  groundwater  extraction.  This  is  a  direct  consequence  of 
Equation  G-4,  which  states  that  extractive  removal  of  chemical  mass  depends  on  the  rate  of  pore- 
volume  removal  ( V  term)  -  faster  groundwater  flow  velocities  result  in  more  rapid  extraction 
of  chemical  mass,  imerefore,  if  reduction  of  the  chemical  concentrations  to  target  concentrations 
at  every  point  in  groundwater  in  the  Intermediate  and  Deep  Sand  units  is  identified  as  the 
remediation  criterion  for  Site  SS-45,  the  time  required  to  reduce  the  maximum  concentrations  of 
chemicals  detected  in  groundwater  at  Site  SS-45  to  target  concentrations,  by  natural  attenuation 
processes  alone,  or  by  natural  attenuation  in  combination  with  groundwater  extraction  at  a  low 
rate,  may  also  represent  an  upper  bound  estimate  for  the  time  required  for  full  implementation  of 
a  remedy  that  combines  natural  attenuation  and  groundwater  extraction. 

In  reality,  an  extraction  well  could  be  located  near  every  identified  area,  containing  elevated 
concentrations  of  chemicals,  in  Site  SS-45;  and  groundwater  movement  toward  an  extraction 
well  could  be  sustained  at  some  velocity  greater  than  0.01  pore-volume  equivalents  per  year 
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(perhaps  as  great  as  0.06  pore-volume  equivalents  per  year).  However,  because  of  the  large 
radius  of  influence  (and  radius  of  capture)  of  any  well  pumping  from  the  Intermediate  Sand  unit, 
most  groundwater  removed  by  an  extraction  well  will  contain  relatively  low  concentrations  of 
chemicals,  because  zones  of  the  groundwater  system  that  contain  chemicals  at  elevated 
concentrations  are  relatively  limited  in  areal  extent  (probably  much  less  than  one  pore  volume), 
and  mixing  of  groundwater  containing  relatively  higher  concentrations  of  chemicals  with 
groundwater  containing  lower  concentrations  will  occur,  as  groundwater  moves  toward  the 
extraction  point.  Therefore,  if  reduction  of  some  “average”  chemical  concentrations  in 
groundwater  in  the  Intermediate  and  Deep  Sand  units  to  target  concentrations  is  identified  as  the 
remediation  criterion  for  Site  SS-45,  the  time  required  to  reduce  the  median  concentrations  of 
chemicals  detected  in  groundwater  at  Site  SS-45  to  target  concentrations,  by  natural  attenuation 
in  combination  with  groundwater  extraction  at  a  relatively  higher  rate,  may  represent  a  lower 
bound  estimate  for  the  time  required  for  full  implementation  of  a  remedy  that  combines  natural 
attenuation  and  groundwater  extraction. 

Using  the  results  of  the  kinetic-based  geochemical  model,  we  calculated  that  a  remedy 
combining  natural  attenuation  and  low-flow-rate  groundwater  extraction  (Alternative  2a)  would 
require  a  period  of  25.5  years  to  achieve  target  concentrations  of  vinyl  chloride  in  groundwater  in 
the  vicinity  of  Well  #1,  in  the  2500  Area,  if  the  maximum  concentrations  detected  in  the  vicinity 
represented  initial  chemical  concentrations  in  groundwater  throughout  the  pore  volume 
surrounding  Well  #1  (Table  G.3).  If  median  concentrations  of  chemicals  detected  in 
groundwater  samples  collected  in  the  vicinity  of  Well  #1  are  representative  of  initial  chemical 
conditions  throughout  the  southern  part  of  the  2500  Area,  then  a  period  of  18  years  would  be 
required  to  achieve  target  concentrations  of  vinyl  chloride  in  groundwater  in  the  vicinity  (Table 
G.4).  Estimates  for  the  period  of  time  required  to  achieve  target  concentrations  of  vinyl  chloride 
in  groundwater  in  the  vicinity  of  Well  #1,  using  the  low-extraction-rate  alternative,  therefore 
range  from  18  to  about  26  years,  with  a  mid-range  value  of  22  years.  For  purposes  of  evaluating 
and  costing  a  conceptual  pump-and-treat  system  for  groundwater  in  the  southern  part  of  the  2500 
Area  (in  the  vicinity  of  Well  #1),  we  assume  that  the  low-extraction-rate  system  (Alternative  2a) 
will  require  a  period  of  22  years  to  achieve  target  chemical  concentrations,  and  will  remain  in 
operation  through  the  full  22-year  period. 

Similarly,  the  remedy  combining  natural  attenuation  and  high-flow-rate  groundwater 
extraction  (Alternative  2b)  would  require  a  period  of  21  years  to  achieve  target  concentrations 
of  vinyl  chloride  in  groundwater  in  the  vicinity  of  Well  #1,  in  the  2500  Area,  if  the  maximum 
concentrations  detected  in  the  vicinity  represented  initial  chemical  concentrations  in  groundwater 
throughout  the  pore  volume  surrounding  Well  #1  (Table  G.3).  If  median  concentrations  of 
chemicals  detected  in  groundwater  samples  collected  in  the  vicinity  of  Well  #1  are  representative 
of  initial  chemical  conditions  throughout  the  southern  part  of  the  2500  Area,  then  a  period  of  14 
years  would  be  required  to  achieve  target  concentrations  of  vinyl  chloride  in  groundwater  in  the 
vicinity  (Table  G.4).  Estimates  for  the  period  of  time  required  to  achieve  target  concentrations  of 
vinyl  chloride  in  groundwater  in  the  vicinity  of  Well  #1,  pumping  at  a  rate  of  0.06  pore  volume 
per  year,  therefore  range  from  14  to  about  21  years,  with  a  mid-range  value  of  18  years.  For 
purposes  of  evaluating  and  costing  a  conceptual  pump-and-treat  system  for  groundwater  in  the 
southern  part  of  the  2500  Area  (in  the  vicinity  of  Well  #1),  we  assume  that  the  high-extraction- 
rate  system  (Alternative  2b)  will  require  a  period  of  18  years  to  achieve  target  chemical 
concentrations,  and  will  remain  in  operation  through  the  full  18-year  period. 
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A  remedy  combining  natural  attenuation  and  low-flow-rate  groundwater  extraction 
(Alternative  2a)  would  require  a  period  of  about  34  years  to  achieve  target  concentrations  of 
vinyl  chloride  in  groundwater  in  the  vicinity  of  Well  #4,  in  the  2500  Area,  if  the  maximum 
concentrations  detected  in  the  vicinity  represented  initial  chemical  concentrations  in  groundwater 
throughout  the  pore  volume  surrounding  Well  #4  (Table  G.3).  If  median  concentrations  of 
chemicals  detected  in  groundwater  samples  collected  in  the  vicinity  of  Well  #4  are  representative 
of  initial  chemical  conditions  throughout  the  northern  part  of  the  2500  Area,  then  a  period  of 
about  7.5  years  would  be  required  to  achieve  target  concentrations  of  vinyl  chloride  in 
groundwater  in  the  vicinity  (Table  G.4).  Estimates  for  the  period  of  time  required  to  achieve 
target  concentrations  of  vinyl  chloride  in  groundwater  in  the  vicinity  of  Well  #4,  using  the  low- 
extraction-rate  alternative,  therefore  range  from  7.5  to  about  34  years,  with  a  mid-range  value  of 
about  20  years.  For  purposes  of  evaluating  and  costing  a  conceptual  low-extraction-rate  system 
(Alternative  2a)  for  groundwater  in  the  northern  part  of  the  2500  Area  (in  the  vicinity  of  Well 
#4),  we  assume  that  the  extraction  and  treatment  system  will  require  a  period  of  20  years  to 
achieve  target  chemical  concentrations,  and  will  remain  in  operation  through  the  full  20-year 
period. 

The  remedy  combining  natural  attenuation  and  high-flow-rate  groundwater  extraction 
(Alternative  2b)  would  require  a  period  of  26  years  to  achieve  target  concentrations  of  vinyl 
chloride  in  groundwater  in  the  vicinity  of  Well  #4,  in  the  2500  Area,  if  the  maximum 
concentrations  detected  in  the  vicinity  represented  initial  chemical  concentrations  in  groundwater 
throughout  the  pore  volume  surrounding  Well  #4  (Table  G.3).  If  median  concentrations  of 
chemicals  detected  in  groundwater  samples  collected  in  the  vicinity  of  Well  #4  are  representative 
of  initial  chemical  conditions  throughout  the  northern  part  of  the  2500  Area,  then  a  period  of 
about  5  years  would  be  required  to  achieve  target  concentrations  of  vinyl  chloride  in  groundwater 
in  the  vicinity  (Table  G.4).  Estimates  for  the  period  of  time  required  to  achieve  target 
concentrations  of  vinyl  chloride  in  groundwater  in  the  vicinity  of  Well  #4,  pumping  at  a  rate  of 
0.06  pore  volume  per  year,  therefore  range  from  about  5  to  26  years,  with  a  mid-range  value  of 
about  18  years.  For  purposes  of  evaluating  and  costing  a  conceptual  pump-and-treat  system  for 
groundwater  in  the  northern  part  of  the  2500  Area  (in  the  vicinity  of  Well  #4),  we  assume  that 
the  high-extraction-rate  system  (Alternative  2b)  will  require  a  period  of  18  years  to  achieve 
target  chemical  concentrations,  and  will  remain  in  operation  through  the  full  18-year  period. 

A  remedy  combining  natural  attenuation  and  low-flow-rate  groundwater  extraction 
(Alternative  2a)  would  require  a  period  of  about  47  years  to  achieve  target  concentrations  of 
vinyl  chloride  in  groundwater  in  the  vicinity  of  well  SS45L001MW,  in  the  800  Area,  if  the 
maximum  concentrations  detected  in  the  vicinity  represented  initial  chemical  concentrations  in 
groundwater  throughout  the  pore  volume  surrounding  well  SS45L001MW  (Table  G.3).  If 
median  concentrations  of  chemicals  detected  in  groundwater  samples  collected  in  the  vicinity  of 
the  well  are  representative  of  initial  chemical  conditions  throughout  the  800  Area,  then  a  period 
of  about  23.5  years  would  be  required  to  achieve  target  concentrations  of  vinyl  chloride  in 
groundwater  in  the  800  Area.  Estimates  for  the  period  of  time  required  to  achieve  target 
concentrations  of  vinyl  chloride  in  groundwater  in  the  800  Area  therefore  range  from  about  24  to 
about  47  years,  with  a  mid-range  value  of  about  35  years.  For  purposes  of  evaluating  and  costing 
a  conceptual  extraction  and  treatment  system  for  groundwater  in  the  800  Area  (in  the  vicinity  of 
well  SS45L001MW),  we  assume  that  the  low-extraction-rate  system  (Alternative  2a)  will 
require  a  period  of  35  years  to  achieve  target  chemical  concentrations,  and  will  remain  in 
operation  through  the  full  35-year  period. 
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The  remedy  combining  natural  attenuation  and  high-flow-rate  groundwater  extraction 
(Alternative  2b)  would  require  a  period  of  about  35  years  to  achieve  target  concentrations  of 
vinyl  chloride  in  groundwater  in  the  vicinity  of  well  SS45L001MW,  in  the  800  Area,  if  the 
maximum  concentrations  detected  in  the  vicinity  represented  initial  chemical  concentrations  in 
groundwater  throughout  the  pore  volume  surrounding  well  SS45L001MW  (Table  G.3).  If 
median  concentrations  of  chemicals  detected  in  groundwater  samples  collected  in  the  vicinity  of 
the  well  are  representative  of  initial  chemical  conditions  throughout  the  800  Area,  then  a  period 
of  about  17.5  years  would  be  required  to  achieve  target  concentrations  of  vinyl  chloride  in 
groundwater  in  the  800  Area.  Estimates  for  the  period  of  time  required  to  achieve  target 
concentrations  of  vinyl  chloride  in  groundwater  in  the  800  Area  therefore  range  from  about  18  to 
about  35  years,  with  a  mid-range  value  of  about  26  years.  For  purposes  of  evaluating  and  costing 
a  conceptual  extraction  and  treatment  system  for  groundwater  in  the  800  Area  (in  the  vicinity  of 
well  SS45L001MW),  we  assume  that  the  high-extraction-rate  system  (Alternative  2b)  will 
require  a  period  of  26  years  to  achieve  target  chemical  concentrations,  and  will  remain  in 
operation  through  the  full  26-year  period. 

G4.5  Sensitivity  Analysis 

A  sensitivity  analysis  was  conducted  to  evaluate  which  of  the  input  parameters  to  the  kinetic- 
based  geochemical  model  might  have  the  greatest  effect  on  the  predictions  made  with  the  model. 
The  primary  purpose  of  such  an  analysis  is  to  identify  those  parameters  that  should  be  the  focus 
of  continuing  investigations  in  order  to  minimize  the  uncertainties  associated  with  model 
predictions. 

The  parameters  of  primary  interest  in  the  sensitivity  analysis  were  the  first-order  degradation 
rate  constants  for  TCE,  DCE  isomers,  and  vinyl  chloride,  the  fraction  of  organic  carbon  in  soil, 
and  the  possible  rates  of  groundwater  extraction.  The  total  length  of  time  required  to  achieve 
target  concentrations  of  vinyl  chloride  (2  |j,g/L  or  less)  in  groundwater  at  each  of  three  possible 
extraction-well  locations  (well  SS45L001MW  in  the  800  Area;  and  Wells  #1  and  #4  in  the  2500 
Area)  was  selected  as  the  predictive  result  to  be  compared  in  the  analysis. 

The  sensitivity  analysis  was  conducted  using  a  standard  variational  technique  in  which  the 
value  of  a  particular  input  parameter  is  changed  within  some  specified  range,  and  a  new 
predictive  simulation  is  made  using  the  new  initial  conditions.  The  predicted  result  is  then 
compared  with  the  original  result.  A  first-order  approximation  to  the  variance  of  chemical 
concentrations  through  time,  which  is  a  function  of  several  hydraulic  and  chemical  parameters,  is 
(Benjamin  and  Cornell,  1970): 
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=  chemical  concentration  at  time  t, 

=  a  hydraulic  or  chemical  parameter  (e.g.,  first-order  degradation  rate  constant  for 
TCE),  and 

=  the  rate  of  change  of  C(  with  respect  to  x,-. 
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Equation  G-7  indicates  that  each  of  the  hydraulic  and  chemical  parameters  contributes  to  the 
overall  variance  of  the  predicted  chemical  concentrations  through  time  in  proportion  to  its  own 
variance  and  the  cumulative  rates  of  change  in  chemical  concentrations  in  groundwater  with 
respect  to  each  of  the  varied  parameters. 

The  results  of  the  sensitivity  analysis  indicate  that  the  model  predictions  are  most  sensitive  to 
changes  in  the  values  used  for  the  first-order  degradation  rate  constant  for  vinyl  chloride,  and  are 
slightly  less  sensitive  to  the  first-order  degradation  rate  constants  for  TCE  and  DCE  isomers 
(Table  G.5).  Predictions  of  the  time  required  to  achieve  target  concentrations  of  vinyl  chloride  in 
groundwater  are  relatively  insensitive  to  the  rates  of  groundwater  extraction,  indicating  that 
active  extraction  would  be  only  marginally  effective  in  achieving  target  concentrations  of 
chemicals.  This  occurs  because  removal  of  chemical  mass  via  advective  movement  of 
groundwater  is  hindered  by  chemical  sorptive  processes. 

The  ranges  of  time  required  to  achieve  target  concentrations  in  groundwater  near  one  well 
location  (Well  #1),  derived  using  Equation  G-7  over  the  range  of  hydraulic  and  chemical 
parameters  in  Table  G.5  are  shown  on  Figure  G.l.  The  "model  predicted  concentrations  of  vinyl 
chloride"  are  those  calculated  using  the  median  values  of  first-order  rate  constants,  organic- 
carbon  fractions,  and  groundwater  extraction  rates,  used  to  generate  the  predictions  of  times 
required  to  achieve  target  concentrations  of  vinyl  chloride,  during  comparison  of  natural 
attenuation  alone  and  natural  attenuation  with  groundwater-extraction  (preceding  sections).  The 
upper  and  lower  confidence  limits  define  the  envelope  of  vinyl  chloride  concentrations  through 
time,  calculated  with  two  standard  deviations  derived  from  the  variance  obtained  using  Equation 
G-7.  For  the  given  ranges  of  hydraulic  and  chemical  parameter  values  given  in  Table  G-5,  use  of 
two  standard  deviations  around  the  median  prediction  means  that  there  is  a  95  percent  probability 
that  the  time  required  to  achieve  MCL  concentrations  of  vinyl  chloride  in  groundwater  at  a 
particular  location  will  be  within  this  envelope. 

The  median  predictions  and  two-standard-deviation  envelopes  are  presented  for  Well  #1,  for 
MCL  concentrations  of  vinyl  chloride  achieved  by  natural  attenuation  alone,  and  for  MCL 
concentrations  achieved  using  a  combination  of  natural  attenuation  and  groundwater  extraction 
(Figure  G.l).  The  lower  confidence  limit  for  each  set  of  calculations  is  less  than  one  year, 
because  fortuitous  combinations  of  circumstances  (low  initial  concentrations,  elevated 
degradation  rates  for  vinyl  chloride,  no  degradation  of  DCE  isomers)  could  cause  all  the  vinyl 
chloride  to  be  removed  from  groundwater  in  a  short  period  of  time.  The  upper  95  percent 
confidence  limits  establish  the  maximum  length  of  time  required  to  achieve  MCL  concentrations 
of  vinyl  chloride,  under  combinations  of  circumstances  that  tend  to  inhibit  removal  of  TCE  and 
its  daughter  products  (in  particular,  vinyl  chloride)  from  groundwater.  The  “envelopes”  of  upper 
95  percent  confidence  limits  of  time  predicted  to  reach  MCL  concentrations  of  vinyl  chloride, 
with  natural  attenuation  alone,  and  with  natural  attenuation  supplemented  by  groundwater  pump- 
and-treat  (245  years  and  440  years,  respectively)  are  about  one  order  of  magnitude  greater  than 
the  “base  case”  predictions  for  achieving  target  concentrations  of  vinyl  chloride  in  groundwater 
at  Well  #1  (26.5  and  25.5  years,  respectively).  This  is  a  consequence  of  the  extreme  sensitivity  of 
the  calculations  to  first-order  degradation  rate  constants  -  use  of  the  lowest  values  of  first-order 
degradation  constants  lengthens  considerably  the  time  required  to  achieve  target  concentrations. 

The  confidence  limits  shown  in  Figure  G.l  represent  improbable  scenarios  since  the  values  of 
several  parameters  would  have  to  be  near  the  extremes  of  their  expected  range  to  produce  such 
results.  For  example,  a  period  of  440  years  would  be  required  to  achieve  target  concentrations  of 
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TABLE  G.5 

SUMMARY  OF  SENSITIVITY  ANALYSIS 
EFFECT  OF  PARAMETER  UNCERTAINTY  ON  CLEAN-UP  TIME 
SITE  SS-45 
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vinyl  chloride  in  groundwater  near  Well  #1 ,  using  natural  attenuation  alone,  only  if  the  first-order 
degradation  rate  constants  for  DCE  isomers  and  vinyl  chloride  were  all  at  their  minimum  values, 
and  the  fraction  of  organic  carbon  was  the  maximum  value  in  soil  within  the  2500  Area 
(producing  elevated  sorbed  concentrations  of  chemicals,  and  slow  desorption  rates). 
Nevertheless,  as  additional  chemical  concentration  data  are  collected,  and  concentration  trends 
are  evaluated  during  long-term  monitoring,  future  predictions  can  be  refined  using  better 
estimates  of  those  parameters  to  which  the  calculations  are  most  sensitive  (first-order  degradation 
rate  constants),  thereby  reducing  the  uncertainty  of  those  parameters. 

G5.0  CONCEPTUAL  COST  ESTIMATES  FOR  ALTERNATIVE  REMEDIES  FOR 
GROUNDWATER  AT  SITE  SS-45 

G5.1  Natural  Attenuation  with  Long-Term  Groundwater  Monitoring  (Alternative  1) 

No  active  groundwater  remediation  would  be  conducted  under  the  natural-attenuation 
alternative.  Rather,  the  alternative  relies  on  naturally-occurring  mechanisms,  to  remove  volatile 
organic  chemicals  from  groundwater  in  the  Intermediate  and  Deep  Sand  units.  Periodic  monitoring 
would  be  conducted,  to  assess  whether  further  migration  of  chemicals  from  source  areas  was 
occurring,  and  to  evaluate  the  natural  removal  rate  of  chemicals  from  the  groundwater  system. 

There  are  no  capital  costs,  or  O&M  costs,  associated  with  installation  or  operation  of  a 
remediation  system,  in  this  alternative.  Furthermore,  we  have  assumed  for  the  purposes  of 
generating  this  cost  estimate,  that  wells  in  the  existing  network  would  be  sufficient  to  conduct 
long-term  monitoring,  with  no  additional  monitoring  wells  required  to  be  installed.  Monitoring 
would  initially  be  conducted  on  an  annual  basis,  and  would  include  visual  inspection  of  wells 
and  other  facilities  at  Site  SS-45,  measurement  of  water  levels  in  all  wells  within  Site  SS-45,  and 
collection  and  analyses  of  groundwater  samples  from  a  selected  subset  (approximately  30;  Table 
G.6)  of  the  existing  monitoring  wells.  Over  the  longer  term,  the  frequency  of  monitoring  might 
be  adjusted,  based  on  monitoring  results,  and  on  an  assessment  of  the  continued  effectiveness  of 
natural  attenuation.  For  the  purpose  of  developing  this  cost  estimate,  we  have  assumed  that 
monitoring  would  be  conducted  on  an  annual  basis  for  the  first  five  years  of  monitoring,  and  that 
the  frequency  of  monitoring  would  be  reduced  to  once  every  two  years  (biennial  monitoring)  for 
the  remaining  43-year  period  required. 

During  the  period  1999  through  2033  (34  years)  groundwater  samples  would  be  collected 
from  24  monitoring  wells  in  the  800  Area,  and  from  4  wells  in  the  2500  Area  (Table  G.6).  After 
chemical  concentrations  in  groundwater  beneath  the  2500  Area  have  decreased  to  levels  below 
target  concentrations  (calculated  to  require  a  period  of  about  34  years),  groundwater  monitoring 
in  the  2500  Area  would  cease.  Groundwater  monitoring  would  be  continued  in  the  800  Area  for 
another  12  years,  using  24  wells,  until  chemical  concentrations  in  groundwater  beneath  the  800 
Area  have  decreased  to  levels  below  target  concentrations  (calculated  to  occur  in  year  2047). 

Costs  for  long-term  monitoring  activities  were  estimated  on  an  annual  basis,  and  are 
referenced  to  constant  (1999)  dollars  (refer  to  attached  cost  estimate).  The  total  cost  of 
monitoring  and  reporting  for  the  natural-attenuation  alternative,  assuming  that  monitoring 
activities  would  be  conducted  for  a  48-year  period,  is  estimated  to  be  $1,300,000. 
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TABLE  G.6 

GROUNDWATER  MONITORING  WELLS  TO  BE  SAMPLED  DURING  LONG-TERM  MONITORING  EVENTS 


~  333333a  a 


Natural  Attenuation  Parameters  include  Sulfate  (USEPA  300),  Ferrous  Iron  (HACH  8 1 46),  d  feet  bgs  »  feet  below  ground  surface.  ^  "X"  denotes  that  the  indicated  parameter  will  be  measured  or  sampled  at  that  corresponding  well/stafF  gage. 

Dissolved  Organic  Carbon  (USEPA  415.1),  and  Alkalinity  (HACH  8221).  0  USEPA  **  United  States  Environmental  Protection  Agency.  u  CAHs  =  Chlorinated  Aliphatic  Hydrocarbons. 

Field  Parameters  include  Redox  Potential  (meter),  pH  (meter).  Conductivity  (meter),  d  NRML  -  USEPA  National  Risk  Management  Research  Laboratory.  V  Proposed  Monitoring  Well . 

Temperature  (meter),  and  Turbidity  (USEPA  180.1).  v  "Q"  denotes  that  the  indicated  well  will  be  sampled  quarterly.  Screened  Interval  not  applicable  for  surface-water  staff  gage. 


G5.2  Low-Pumping-Rate  Groundwater  Extraction  Combined  with  Natural  Attenuation 
and  Long-Term  Groundwater  Monitoring  (Alternative  2a) 

In  this  alternative,  a  groundwater  extraction  system,  consisting  of  three  groundwater 
extraction  wells  would  be  installed  at  Site  SS-45.  A  single  extraction  well  would  be  installed 
near  existing  groundwater  monitoring  well  SS45L001MW,  and  would  pump  at  a  rate  of  20  gpm. 
One  extraction  well  would  be  installed  near  existing  groundwater  monitoring  Well  #1,  and  a 
third  extraction  well  would  be  installed  near  existing  groundwater  monitoring  Well  #4,  in  the 
southern  and  northern  parts  of  the  2500  Area,  respectively.  Each  of  the  wells  in  the  2500  Area 
would  also  pump  at  a  rate  of  20  gpm,  so  that  the  total  pumping  rate  of  the  system  would  be  60 
gpm.  Extracted  groundwater  would  be  treated,  and  discharged  to  a  local  POTW.  Because  of  the 
relatively  great  distance  between  the  800  Area  and  2500  Area  (about  3,000  feet),  two  treatment 
systems  would  be  required  -  one  each  for  the  800  and  2500  Areas.  Each  treatment  system  would 
consist  of  a  clarifying  tank,  holding  tank,  and  low-profile  air  stripper,  with  ancillary  equipment 
(piping,  pumps,  electrical  equipment,  controls). 

Electrical  service  to  a  central  location  would  be  required  to  provide  power  for  the  pumps  and 
the  air-stripping  equipment.  Well  construction  costs  would  include  costs  of  drilling,  well 
materials,  and  well  development.  The  selection  of  pumps  for  the  wells  and  holding  tank  would 
be  based  on  the  anticipated  equipment  performance  and  useful  life  in  a  groundwater  environment 
having  low  concentrations  of  halogenated  organic  compounds.  Pump  controls  would  be 
automated  to  the  greatest  extent  possible. 

Total  daily  discharge  of  treated  water  to  the  POTW  is  estimated  to  be  about  90,000  gallons  for 
the  first  20  years  of  operation;  the  resulting  annual  discharge  would  be  about  32  million  gallons. 
After  chemical  concentrations  in  groundwater  near  Well  #4  in  the  2500  Area  have  been  reduced 
to  levels  below  target  concentrations  (calculated  to  require  a  period  of  about  20  years), 
groundwater  extraction  at  Well  #4  would  cease,  but  pumping  would  continue  at  Well  #1  for 
another  two  years,  until  target  concentrations  had  also  been  achieved  in  the  southern  part  of  the 
2500  Area.  Groundwater  extraction  and  treatment  would  continue  in  the  800  Area  until  chemical 
concentrations  in  groundwater  beneath  the  800  Area  have  decreased  to  levels  below  target 
concentrations  (calculated  to  occur  after  another  13 -year  period  of  pumping  has  elapsed,  in  year 
2035).  Total  daily  discharge  of  treated  water  to  the  POTW  during  the  last  ten  years  of  operation 
is  estimated  to  be  about  30,000  gallons,  with  resulting  annual  discharge  of  about  11  million 
gallons. 

Water  samples,  collected  from  the  influent  and  effluent  treatment  streams  would  be  analyzed 
for  volatile  organic  chemicals,  to  ensure  that  POTW  standards  were  met,  and  to  assess  the  effec¬ 
tiveness  of  air  stripping.  We  anticipate  that  a  permit-fee  equivalent,  or  one-time  hookup  fee 
would  be  assessed  by  the  local  jurisdiction,  prior  to  initiating  discharge  to  the  POTW;  this  fee 
would  be  in  addition  to  the  annual  POTW  fees,  prorated  according  to  the  volume  of  water 
discharged.  The  total  initial  capital  and  construction  costs  for  the  low-pumping-rate  groundwater 
extraction  and  treatment  alternative  are  estimated  to  be  $565,000  (refer  to  attached  cost  estimate). 

Operation  and  maintenance  activities  would  include  inspection  and  sampling  of  the  system, 
chemical  analyses  of  water  and  effluent  airstream  samples,  monitoring  of  environmental 
conditions  on  the  property,  and  reporting.  The  groundwater  extraction  and  treatment  system 
would  be  inspected  on  a  weekly  basis;  water  samples,  collected  bi-weekly  from  the  influent  and 
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effluent  treatment  streams  during  inspections,  would  be  analyzed  for  volatile  organic  chemicals, 
to  ensure  that  the  required  level  of  chemical  removal  was  attained  during  treatment.  Monitoring 
would  be  conducted  on  an  annual  basis,  and  would  include  inspection  of  the  property  and  the 
extraction  and  treatment  system,  measurement  of  water  levels  in  all  wells  on  the  property,  and 
collection  and  analyses  of  groundwater  samples  from  a  selected  subset  (approximately  38)  of  the 
monitoring  wells.  For  purposes  of  this  cost  estimate,  we  assume  that  the  monitoring  programs 
for  the  natural-attenuation  alternative  and  the  groundwater-extraction  alternative  would  be 
identical.  In  reality,  groundwater  monitoring  for  the  groundwater  extraction  and  treatment 
alternative  would  probably  be  conducted  more  frequently  than  biennially,  after  the  first  five  years 
of  monitoring,  with  consequently  higher  costs.  Costs  for  O&M  activities  were  estimated  on  an 
annual  basis  and  are  referenced  to  constant  (1999)  dollars  (refer  to  attached  cost  estimate).  The 
constant-dollar  value  of  O&M  costs  for  the  low-extraction-rate  groundwater  treatment  alternative 
(Alternative  2a),  assuming  that  O&M  activities  would  be  conducted  through  a  35-year  period,  is 
calculated  to  be  about  $6,000,000. 

G5.3  High-Pumping-Rate  Groundwater  Extraction  Combined  with  Natural  Attenuation 
and  Long-Term  Groundwater  Monitoring  (Alternative  2b) 

In  this  alternative,  a  groundwater  extraction  system,  consisting  of  three  groundwater 
extraction  wells  would  be  installed  at  Site  SS-45.  A  single  extraction  well  would  be  installed 
near  existing  groundwater  monitoring  well  SS45L001MW,  and  would  pump  at  a  rate  of  120 
gpm.  One  extraction  well  would  be  installed  near  existing  groundwater  monitoring  Well  #1,  and 
a  third  extraction  well  would  be  installed  near  existing  groundwater  monitoring  Well  #4,  in  the 
southern  and  northern  parts  of  the  2500  Area,  respectively.  Each  of  the  wells  in  the  2500  Area 
would  also  pump  at  a  rate  of  120  gpm,  so  that  the  total  pumping  rate  of  the  system  would  be  360 
gpm.  Extracted  groundwater  would  be  treated,  and  discharged  to  a  local  POTW.  As  in 
Alternative  2a,  two  treatment  systems  would  be  required  -  one  each  for  the  800  and  2500  Areas. 
Each  treatment  system  would  consist  of  a  clarifying  tank,  holding  tank,  and  low-profile  air 
stripper,  with  ancillary  equipment. 

Electrical  service  to  a  central  location  would  be  required  to  provide  power  for  the  pumps  and 
the  air-stripping  equipment.  Well  construction  costs  would  include  costs  of  drilling,  well 
materials,  and  well  development.  Pump  controls  would  be  automated  to  the  greatest  extent 
possible. 

Total  daily  discharge  of  treated  water  to  the  POTW  is  estimated  to  be  about  520,000  gallons 
for  the  first  18  years  of  operation;  the  resulting  annual  discharge  would  be  about  200  million 
gallons.  After  chemical  concentrations  in  groundwater  within  the  2500  Area  have  been  reduced 
to  levels  below  target  concentrations  (calculated  to  require  a  period  of  about  18  years), 
groundwater  extraction  in  the  2500  Area  would  cease.  Groundwater  extraction  and  treatment 
would  continue  in  the  800  Area  until  chemical  concentrations  in  groundwater  beneath  the  800 
Area  have  decreased  to  levels  below  target  concentrations  (calculated  to  occur  after  another  8- 
year  period  of  pumping  has  elapsed,  in  year  2026).  Total  daily  discharge  of  treated  water  to  the 
POTW  during  the  last  ten  years  of  operation  is  estimated  to  be  about  175,000  gallons,  with 
resulting  annual  discharge  of  about  63  million  gallons. 

Water  samples,  collected  from  the  influent  and  effluent  treatment  streams  would  be  analyzed 
for  volatile  organic  chemicals,  to  ensure  that  POTW  standards  were  met,  and  to  assess  the  effec¬ 
tiveness  of  air  stripping.  We  anticipate  that  a  permit-fee  equivalent,  or  one-time  hookup  fee 
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would  be  assessed  by  the  local  jurisdiction,  prior  to  initiating  discharge  to  the  POTW;  this  fee 
would  be  in  addition  to  the  annual  POTW  fees,  prorated  according  to  the  volume  of  water 
discharged.  The  total  initial  capital  and  construction  costs  for  the  high-pumping-rate 
groundwater  extraction  and  treatment  alternative  are  estimated  to  be  $685,000  (refer  to  attached 
cost  estimate).  Initial  capital  costs  are  greater  than  for  the  low-pumping-rate  alternative,  because 
larger  (more  expensive)  pumping  and  air-stripping  equipment  would  be  required  to  handle  the 
greatly  increased  discharge. 

Operation  and  maintenance  activities  would  include  inspection  and  sampling  of  the  system, 
chemical  analyses  of  water  and  effluent  airstream  samples,  monitoring  of  environmental 
conditions  on  the  property,  and  reporting.  The  groundwater  extraction  and  treatment  system 
would  be  inspected  on  a  weekly  basis;  water  samples,  collected  bi-weekly  from  the  influent  and 
effluent  treatment  streams  during  inspections,  would  be  analyzed  for  volatile  organic  chemicals, 
to  ensure  that  the  required  level  of  chemical  removal  was  attained  during  treatment.  Monitoring 
would  be  conducted  on  an  annual  basis,  and  would  include  inspection  of  the  property  and  the 
extraction  and  treatment  system,  measurement  of  water  levels  in  all  wells  on  the  property,  and 
collection  and  analyses  of  groundwater  samples  from  a  selected  subset  (approximately  38)  of  the 
monitoring  wells.  For  purposes  of  this  cost  estimate,  we  have  again  assumed  that  the  monitoring 
programs  for  the  natural-attenuation  alternative  and  the  groundwater-extraction  alternative 
would  be  identical.  Costs  for  O&M  activities  were  estimated  on  an  annual  basis  and  are 
referenced  to  constant  (1999)  dollars  (refer  to  attached  cost  estimate).  The  constant-dollar  value 
of  O&M  costs  for  the  high-extraction-rate  groundwater  treatment  alternative  (Alternative  2b), 
assuming  that  O&M  activities  would  be  conducted  through  a  26-year  period,  is  calculated  to  be 
about  $15,500,000. 
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[■L^J  PARSDN5 

Calculation  Page 

■ 

Job  Number 

730486.09030 

Page  1  of  3 

Rev 

Date 

By 

Ck 

Subject: 

Cost  Calculations  for  Alternative  1 

2/2/2000 

JWA 

RNA  +  LTM 

Site  SS-45,  England  AFB 

Groundwater  Sampling  -  Years  1999-  2034 

38  Long-Term  Monitoring  Wells 

10  QA/QC  (3  duplicates,  1  field  blank,  1  equipment  blank,  3  trip  blanks,  1  MS,  1  MSD) 

48  Total  Samples 

Sampling  Labor 

228 

hours 

X 

$62  /hour 

$14,136 

Analytical  Subcontractor 

48  VOCs37 

$160  /each 

$7,680 

39  Methane/Ethane/Ethene 

$125  /each 

$4,875 

38  Field  Parameters 

$30  /each 

$1,140 

Supplies 

$1,500  lumpsum 

$1,500 

Travel 

$800  lump  sum 

$800 

Per  Diem 

13 

days 

X 

$88  /day 

$1,144 

Data  Management 

24 

hours 

X 

$60  /hr 

$1,440 

Data  Validation 

16 

hours 

X 

$60  /hr 

$960 

Reporting/Project  Management  Labor 

Word  Processing 

10 

hours 

X 

$25  /hour 

$250 

CADD 

15 

hours 

X 

$50  /hour 

$750 

Reproduction 

8 

hours 

X 

$20  /hour 

$160 

Staff  Level 

50 

hours 

X 

$60  /hour 

$3,000 

Proj.  Manager 

20 

hours 

X 

$80  /hour 

$1,600 

Editor 

5 

hours 

X 

$60  /hour 

$300 

Reporting/Project  Management  ODCs 

$400  lump  sum 

$400 

“ 

fotal  for  1  Sampling  Event  (rounded) 

$40,200 

*  VOC  analysis  includes  standard  SW8260B  analyte  list  (primarily  CAHs) 
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Calculation  Page 

■ 

Job  Number  P< 

730486.09030 

Rev 

Date 

2/2/2000 

By 

JWA 

Ck 

Subject:  Cost  Calculations  for  Alternative  1 

RNA  +  LTM 

Site  SS-45,  England  AFB 

Groundwater  Sampling  -  Years  2034  -  2047 

24  Long-Term  Monitoring  Wells 

9  QA/QC  (2  duplicates,  1  field  blank,  1  equipment  blank,  3  trip  blanks,  1  MS,  1  MSD) 
33  Total  Samples 


Sampling  Labor 

144  hours  x 

$62 

/hour 

$8,928 

Analytical  Subcontractor 

33  VOCs 

$160 

/each 

$5,280 

25  Methane/Ethane/Ethene 

$125 

/each 

$3,125 

24  Field  Parameters 

$30 

/each 

$720 

Supplies 

$1,500 

lump  sum 

$1,500 

Travel 

$800 

lump  sum 

$800 

Per  Diem 

9 

days 

X 

$88 

/day 

$792 

Data  Management 

24 

hours 

X 

$60 

/hr 

$1,440 

Data  Validation 

16 

hours 

X 

$60 

/hr 

$960 

Reporting/Project  Management  Labor 

Word  Processing 

10 

hours 

X 

$25 

/hour 

$250 

CADD 

15 

hours 

X 

$50 

/hour 

$750 

Reproduction 

8 

hours 

X 

$20 

/hour 

$160 

Staff  Level 

50 

hours 

X 

$60 

/hour 

$3,000 

Proj.  Manager 

20 

hours 

X 

$80 

/hour 

$1,600 

Editor 

5 

hours 

X 

$60 

/hour 

$300 

Reporting/Project  Management  ODCs 

$400 

lump  sum 

$400 

Total  for  1  Sampling  Event  (rounded) _ $30,100 
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E 

Rev 

Date  1 

2/2/2000 

Calculation  Page 


Subject: 


Monitoring  Costs 

Annual  Monitoring  of  38  wells,  1999-2003  (5  events) 
Cost  per  Event  $40,200  x 


Biennial  Monitoring  of  38  wells,  2005-2033  (15  events) 
Cost  per  Event  $40,200  x  II 


Biennial  Monitoring  of  24  wells,  2035  -  2047  (7  events) 
Cost  per  Event  $30,100  x  ' 


Site  Management  every  year  (48  years) 
Annual  Cost 


Job  Number 

Page  3  of  3 

730486.09030 

Cost  Calculations  for  Alternative  1 

RNA  +  LTM 

Site  SS-45,  England  AFB 

events 

$201,000 

events 

$603,000 

events 

$210,700 

years 

$288,000 

Total  Constant  Dollar  (1999  Dollars)  Costs  of  LTM  Program 


$1,302,700 


Remedial  Alternative  2a  Cost  Estimate 
3  Wells  Each  Pumping  at  20  gpm 
Site  SS-45 

Focussed  Corrective  Measures  Study 
England  Air  Force  Base,  Alexandria,  Louisiana 
730486.09030 

Author:  JWA 
Date:  2/02/00 
Checked  by: 

Date: 


Capital  Costs 

Installation  of  the  Groundwater  Extraction  System 


Well  Installation  (3  8-inch  wells) 

3  wells 

x  $10,000  per  well 

$30,000 

Buildings/Controls/Piping/Accessories 

$40,000  lump  sum 

$40,000 

Equipment  Costs 

$400,000  lumpsum 

$400,000 

3  submersible  pumps,  2  air  strippers, 
electronics,  PLC  valves,  and  gages 

Design/perform/analyze  3,  24-hour  pumping  tests  (lump  sum) 

$50,000  lumpsum 

$50,000 

System  Installation 

$40,000  lumpsum 

$40,000 

POTW  Hookup  Fee  (one-time  charge) 

$5,000  lumpsum 

$5,000 

subtotal  (rounded)  $565,000 


Annual  Operating  Costs-Pump  and  Treat  System.  2QQQ  -  2019  (20  years) 


Labor 


Weekly  System  Checks 


Monthly  Sampling 
Monthly  Reporting 
Maintenance 
Analytical 

VOCs  (air) 

VOCs  (water) 
Sample  shipping 
Electricity 

POTW  Discharge  Fee 


12 

8 

16 

2 

4 

2 

$0.10 


hours  per  month  x 
hours  per  month  x 
hours  per  month  x 


8 

12 

12 

12 


samples  per  month  x  12 
samples  per  month  x  12 
events  per  month  x  12 
per  kilowatt-hr  for  3 
$2  per  1,000  gallons;  3 


Site  Management  (included  in  LTM  portion  of  Alternative  2a) 


hrs/week  x 
months/year  x 
months/year  x 
months/year  x 

months/year  x 
months/year  x 
months/year  x 
wells  pumping 
wells  pumping 


52  weeks  /yr  x  $60  /  hr 
$60  /  hr 
$60  /  hr 
$60  /  hr 

$160  per  analysis 
$160  per  analysis 
$30  per  event 
20  gpm  continuously 
20  gpm  continuously 


subtotal  (rounded) 


$24,960 

$8,640 

$5,760 

$11,520 

$3,840 

$7,680 

$720 

$33,300 

$63,115 

_ $0 

$159,600 


Annual  Operating  Costs-Pump  and  Treat  System.  2020  ■  2022  (2  years) 


Labor 


Weekly  System  Checks 

8 

hrs/week  x 

52 

weeks  /yr  x  $60  /  hr 

$24,960 

Monthly  Sampling 

12 

hours  per  month  x 

12 

months/year  x 

$60 

/hr 

$8,640 

Monthly  Reporting 

8 

hours  per  month  x 

12 

months/year  x 

$60 

/hr 

$5,760 

Maintenance 

16 

hours  per  month  x 

12 

months/year  x 

$60 

/hr 

$11,520 

Analytical 

VOCs  (air) 

2 

samples  per  month  x 

12 

months/year  x 

$160 

per  analysis 

$3,840 

VOCs  (water) 

4 

samples  per  month  x 

12 

months/year  x 

$160 

per  analysis 

$7,680 

Sample  shipping 

2 

events  per  month  x 

12 

months/year  x 

$30 

per  event 

$720 

Electricity 

$0.10 

per  kilowatt-hr  for 

2 

wells  pumping 

20 

gpm  continuously 

$22,200 

POTW  Discharge  Fee 

$2 

per  1,000  gallons; 

2 

wells  pumping 

20 

gpm  continuously 

$42,077 

Site  Management  (included  in  LTM  portion  of  Alternative  2a) 

$0 

$127,400 


subtotal  (rounded) 


Remedial  Alternative  2a  Cost  Estimate  (continued) 
3  Wells  Each  Pumping  at  20  gpm 
Site  SS-45 

Focussed  Corrective  Measures  Study 
England  Air  Force  Base,  Alexandria,  Louisiana 
730486.09030 


Labor 

Weekly  System  Checks  4  hrs/weekx  52  weeks /yr  x  $60  /  hr  $12,480 

Monthly  Sampling  12  hours  per  month  x  12  months/year  x  $60 /hr  $8,640 

Monthly  Reporting  8  hours  per  month  x  12  months/year  x  $60  /hr  $5,760 

Maintenance  8  hours  per  month  x  12  months/year  x  $60 /hr  $5,760 

Analytical 

VOCs  (air)  2  samples  per  month  x  12  months/year  x  $160  per  analysis  $3,840 

VOCs  (water)  4  samples  per  month  x  12  months/year  x  $160  per  analysis  $7,680 

Sample  shipping  2  events  per  month  x  12  months/year  x  $30  per  event  $720 

Electricity  $0.10  per  kilowatt-hr  for  1  wells  pumping  20  gpm  continuously  $11,100 

POTW  Discharge  Fee  $2  per  1,000  gallons;  1  wells  pumping  20  gpm  continuously  $21,038 

Site  Management  (included  in  LTM  portion  of  Alternative  2a)  _ $£ 

subtotal  (rounded)  $77,100 


Installation  of  Groundwater  Extraction  System  $565,000 


Total  Capital  Costs 


$565,000 

$565,000 


lMiiTiTrTrMO  I  fitWiTi  li  l  ■  r:l  W'H  pH-ltliilMl**  1  Isv£Khii  1  i  ili*!1  [•  I  iT-1  r*:Q’J  III*  I  *Ih¥l*T*  t wA.*rAtn 


O&M  for  Pump  and  Treat  System  (final  13  years)  $77,100  per  year  x  13  years  |  $1,002,300 
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Total  Capital  +  Annual  +  Future  Costs  for  Alternative  2a 


Remedial  Alternative  2b  Cost  Estimate 
3  Wells  Each  Pumping  at  120  gpm 
Site  SS-45 

Focussed  Corrective  Measures  Study 
England  Air  Force  Base,  Alexandria,  Louisiana 
730486.09030 

Author:  JWA 
Date:  2/02/00 
Checked  by: 

Date: 


Capital  Costs 

Installation  of  the  Groundwater  Extraction  System 


Well  Installation  (3  8-inch  wells) 

3  wells 

x  $10,000  per  well 

$30,000 

Building/Controls/Piping/Accessories 

$40,000  lump  sum 

$40,000 

Equipment  Costs 

$500,000  lumpsum 

$500,000 

3  submersible  pumps,  2  air  strippers, 
electronics,  PLC  valves,  and  gages 

Design/perform/analyze  3,  24-hour  pumping  tests  (lump  sum) 

$60,000  lumpsum 

$60,000 

System  Installation 

$50,000  lump  sum 

$50,000 

POTW  Hookup  Fee  (one-time  charge) 

$5,000  lumpsum 

$5,000 

subtotal  (rounded)  $685,000 


Annual  Qperating.CQSts-Pump  and.Ireat.System.  2QQQ  -  2Q17  (18  years) 


Labor 


Weekly  System  Checks 

16  hrs/weekx 

52  weeks  /yr  x  $60  /  hr 

$49,920 

Monthly  Sampling 

12  hours  per  month  x 

12  months/year  x 

$60  /  hr 

$8,640 

Monthly  Reporting 

8  hours  per  month  x 

12  months/year  x 

$60  /  hr 

$5,760 

Maintenance 

16  hours  per  month  x 

12  months/year  x 

$60  /  hr 

$11,520 

Analytical 

VOCs  (air) 

2  samples  per  month  x 

12  months/year  x 

$160  per  analysis 

$3,840 

VOCs  (water) 

4  samples  per  month  x 

12  months/year  x 

$160  per  analysis 

$7,680 

Sample  shipping 

2  events  per  month  x 

12  months/year  x 

$30  per  event 

$720 

Electricity 

$0.10  per  kilowatt-hr  for 

3  wells  pumping 

120  gpm  continuously 

$199,800 

POTW  Discharge  Fee 

$2  per  1,000  gallons; 

3  wells  pumping 

120  gpm  continuously 

$378,691 

Site  Management  (Included  in  LTM  portion  of  Alternative  2)  _ $0 

$666,600 


subtotal  (rounded) 


Remedial  Alternative  2b  Cost  Estimate  (continued) 
3  Wells  Each  Pumping  at  120  gpm 
Site  SS-45 

Focussed  Corrective  Measures  Study 
England  Air  Force  Base,  Alexandria,  Louisiana 
730486.09030 


Weekly  System  Checks 

8 

hrs/week  x 

52  weeks  /yr  x  $60  /  hr 

$24,960 

Monthly  Sampling 

12  hours  per  month  x 

12 

months/year  x 

$60  /  hr 

$8,640 

Monthly  Reporting 

8  hours  per  month  x 

12 

months/year  x 

$60  /  hr 

$5,760 

Maintenance 

16  hours  per  month  x 

12 

months/year  x 

$60  /  hr 

$11,520 

Analytical 

VOCs  (air) 

2  samples  per  month  x 

12 

months/year  x 

$160  per  analysis 

$3,840 

VOCs  (water) 

4  samples  per  month  x 

12 

months/year  x 

$160  per  analysis 

$7,680 

Sample  shipping 

2  events  per  month  x 

12 

months/year  x 

$30  per  event 

$720 

Electricity 

$0.10  per  kilowatt-hr  for 

1 

well  pumping 

120  gpm  continuously 

$66,600 

POTW  Discharge  Fee 

$2  per  1,000  gallons; 

1 

well  pumping 

120  gpm  continuously 

$126,230 

Site  Management  (Included  in  LTM  portion  of  Alternative  2) 

$0 

subtotal  (rounded) 

$256,000 

Installation  of  Groundwater  Extraction  System  $685,000 


Total  Capital  Costs 


$685,000 

$685,000 
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O&M  for  Pump  and  Treat  System  (first  18  years)  $666,600  per  year  x 


18  years 
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O&M  for  Pump  and  Treat  System  (final  8  years)  $256,000  per  year  x 


8  years 


im&raTasHTi'Xii 


Total  Capital  +  Annual  +  Future  Costs  for  Alternative  2b 


APPENDIX  H 


COMMENTS  TO  DRAFT  REPORT 
BY 

LOUISIANA  DEPARTMENT  OF  ENVIRONMENTAL  QUALITY 

AND 

USEPA 


State  of  Louisiana JAN 1 8  w 

Department  of  Environmental  Quality 


M  J.  ’'MIKE"  FOSTER,  JR- 
GOVERNOR 


J.  DALE  GIVENS 
SECRETARY 


January  13, 2000 


Mr,  Rafael  Vazquez 

Regional  BRAC  Environmental  Coordinator 
AFBCA/ROL  Bergstrom  Air  Force  Base 
3711  Fighter  Drive 
Austin,  TX  78719-2557 


RE;  Focused  Corrective  Measures  Study  for  Groundwater  at  SS-45 
England  AFB 
LA9  572  124  452 
CFIS  #9029 

Dear  Mr.  Vazquez: 

The  Louisiana  Depart. 

to  dies  ta  and  mcommeudstas. 

The  comments  below  represent  the  conclusions  of  the  meeting  discussions . 

1 .  The  recommendation  of  the  CMS  for  this  site  is  monitored  natural  attenuation^^A)  for  Oie^d 

chlorinated  solvents  plumes  in  the  800  and  2500  areas.  The  Base  Closure .  e  (B  T) . 
that  this  will  be  the  proposed  conditional  remedy  for  this  site. 

2.  The  ultimate  goal  of  the  remedy  it  to  testae  the  groundwater  to  levels  tot  ate  fully  protective  of 
human  health  and  the  environment 

3.  Hie  remedy  must  continue  to  demonsttatethat 

monitoring  of  a  network  of  penmcKr  (semiy)  .  P  of  the  sampling  event, 

a  letter  repot,  must  be  provided  to  both  ta  LDEQ ^and  ffA  Wlduu  90  4^  ^  , 

notifying  both  agencies  of  the  exceedence*  ,  .  ,  - th  corresponding  follow-up  report 

confirmatory  sampling  in  the  affected  well  sha  c  c°  ^  d  the  ^CL,  the  plume  will  be 

submitted  to  both  agencies.  If  any  perimeter  well  is  confirmed  to  exceed  the  F 

considered  potentially  unstable  and  a  re-evaluation  mean,  however  that  the  MNA 

appropriateness  of  the  MNA  remedy  wi i  e  * including  the  collection  of  appropriate 

remedy  will  be  abandoned,  only  that  a  complete  evaluation,  inuuu  * 

field  data  as  directed  by  both  agencies  may  be  required. 
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ion  with  the  above  requirement,  the  following  wells  should  be  included  as  sentry  wells  in 


4.  In  connection -  .  ....  . 

the  Intermediate  Sand  of  the  Red  River  alluvial  aquifer. 

Well  #4. 

,  uc-«n  17  io  and21- SS45L005MW,  A39L036DP,  A39L039DP;  andawell 

aoo  Arecr.  ^  |,f  „„  A391014DP,  and  approximately  750  feet  east  of 

well  #10. 

The  following  wells  should  be  included  as  sentry  wells  in  the  Deep  Sand  unit  of  the  Red  River 
alluvial  aquifer. 

2500  area:  existing  well  A39L082DP 

gOO  a„m  bating  wells  #12,  .4,  16.  and  18;  A39L027DP,  A39L028DP,  A39L002PZ.  and 
A39L008PZ. 

notified.  .< 

5  The  list  of  geochemical  indicator  parameters,  which  provide  another  line '  of  supporting  the 

Slcacy  ofL  proposed  remedy,  shall  parameters 

biotransformation  processes  affecting  the  contaminants  of  concern  P 

may  include,  but  not  be  limited  to:  Fe*\  SO, ",  total  organic  carbon,  and  alkalinity. 

6.  As  stated  above,  the  MNA  remedy  is  considered  conditional  MNA  ^1°^!  defined  above  The 
demonstrated  to  be  capable  of  achieving  the  goal  or  groundwater  reSt°^l°“  “  '  from 

RCT  has  agreed  that  the  performance  of  the  remedy  must  be  reevaluated  no  later  than*yw“ 
le  dS  ofTe  remedy  selection  document  Based  on  the  information  presented  m  the  CMS 
assuming  the  site  characterization  is  accurately  understood,  the  Air  Force  has !  proje jjj »  « J  J 
degradation  that  should  result  in  about  a  50%  reduction  in  concentrations  of  ^Mted^sol 
rt,  f-it-  within  4  vears  If  this  reduced  level  of  contamination  is  achieved,  the  5-Year 
peiformaace  cwi^belinlitcd  in  scope  to  data  analyses  and 

land  use  Conversely  if  this  level  of  reduction  is  not  supported  by  the  data,  then  a 
“  The  eva.nario n  must 

cleanup  times,  as  well  as  other  potential  remedies  avadabk  at  tiiat  t  me 

whether  the  MNA  remedy  is  appropriate,  or  shou “  Sal  sampling  event  of 

must  be  submitted  to  both  regulatory  agencies  within  180  days  following  the  tmai  s  p  g 

the  period. 


7. 


All  existing  monitoring  -Us  in  the  long-tern,  monitoring  «£5W 

sampling  events,  and  all  newly  installed  wells,  will  e  samp  e  U  Drevjous  sampling  events 

annual  monitoring  for  3  years.  Existing  momlonng  wells  with  adequate  previous  samp  g 
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8.  will  be  monitored  annually  for  4  years.  All  wells  will  be  monitored  quarterly  in  the  fifth  year,  prior 
to  the  preparation  of  the  5-Year  Review.  Said  Review  will  evaluate  the  frequency  of  future 
monitoring  efforts.  Annual  monitoring  of  wells  will  be  required  after  the  fifth  year  until  such  time  as 
alternative  frequencies  are  accepted  by  the  LDEQ. 

9.  Because  withdrawal  of  groundwater  would  change  the  hydraulic  conditions  of  the  site  and  potentially 
affect  the  protectiveness  of  the  remedy,  land  use  restrictions  will  be  required  to  prevent  the  use  of  the 
groundwater  in  the  Intermediate  and  Deep  Sand  units  of  the  Red  River  Alluvial  Aquifer  within  the 
remaining  land  areas  of  the  former  Base.  The  Air  Force  must  implement  a  restriction,  easement, 
covenant,  or  other  appropriate  mechanism  on  the  title  to  the  property,  capable  of  being  legally 
enforced  by  the  Air  Force  and  binding  on  future  property  owners  and  tenants,  to  prevent  such  use. 

10.  The  EPA  has  already  forwarded  its  comments,  many  of  which  are  incorporated  herein,  on  this 
submittal.  Due  consideration  of  EPA's  contractor,  ADA  laboratory,  comments  should  be  given  when 
revising  this  submittal.  For  the  record,  the  Air  Force  has  an  additional  responsibility  to  the  EPA  to 
demonstrate  that  the  selected  remedy  is  operating  properly  and  successfully  before  the  EPA  will  sign 
off  on  a  deed  to  transfer  the  land  area  affected  by  the  referenced  plumes  considered  in  the  Corrective 
Measures  Study. 

All  future  correspondence  in  this  matter  should  be  in  triplicate  and  addressed  to  Mr.  Keith  L.  Casanova, 

Administrator,  Remediation  Services  Division,  P.  O.  Box  87178,  Baton  Rouge,  LA  70884-2181.  One 

copy  should  be  sent  to  my  attention. 

Should  you  have  any  questions  concerning  this  correspondence,  please  contact  me  at  (225)  765-0936. 


Michael  S.  Miller,  ES-3 
Remediation  Services  Division 
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REVIEW  COMMENTS  ON  THE  DRAFT  FOCUSED  CORRECTIVE  MEASURES 
STUDY  FOR  GROUNDWATER  AT  SITE  SS-45,  VOLUMES  I  AND  II, 
ENGLAND  AIR  FORCE  BASE,  LOUISIANA 


General  Comments 

The  report  recommends  natural  attenuation  with  institutional  controls  as  the  most  cost-effective 
method  for  achieving  groundwater  remedial  action  goals.  This  action  is  appropriate.  The 
report  indicates  that  groundwater  contamination  plume  at  each  site  appears  to  have  stabilized, 
horizontally  and  vertically,  in  a  relatively  small  area  from  when  the  disposal  practices  that 
caused  the  groundwater  contamination  started  30  to  40  years  ago.  The  proposed  long-term 
groundwater  monitoring  program  includes  sentry  wells  to  provide  assurance  of  the 
protectiveness  of  human  health  and  the  environment  and  trend  analysis  wells  that 
demonstrates  the  effectiveness  of  the  natural  attenuation  process.  However,  it  is  suggested 
that  the  proposed  number  of  groundwater  monitoring  wells  be  reduced.  (See  specific 
comment  3.) 

Contaminant  degradation  rates  must  be  established  for  each  suspected  source  area  (Areas  800 
and  2500)  with  the  information  available  to  date;  therefore,  it  is  suggested  that  the  contractor 
provide  a  narrow  range  of  rates  based  on  reasonable  assumptions  about  the  sources  of 
contamination: 

Since  it  has  been  determined  that  the  contaminant  plumes  prefer  to  move  vertically  rather 
than  horizontally,  the  most  contaminated  monitoring  well  at  each  site  is  designated  as  the 
location  of  the  source. 

The  date  that  the  facility  used  trichloroethene  (TCE)  as  a  cleaning  solvent  is  designated  as 

the  date  the  source  originated  and  that  it  entered  the  water  table  at  the  maximum  ~  . 

solubility  concentration. 

The  length  of  time  that  the  facility  used  TCE  determines  the  duration  of  TCE  releases 
(i.e.,  contaminant  source)  to  the  groundwater. 


Specific  Comments 


tern  | 

Pagc(s) 

Section/ 

Paragraph 

.  .  Comments  . 

1 

ES-2 

•  ES/3 

1  he  report  provides  details  regarding  the  monitoring  well 
construction  and  assessments  performed  at  three  boreholes  at 
Site  SS-45.  It  is  suggested  that  the  contractor  include  the 
location  and  any  observations  recorded  regarding  a  fourth 
well.  Installation  was  attempted  but  was  unsuccessful  due  to 
heaving  sands  as  related  by  Ms.  Joy  Lozano,  previously  at 
BDM. 
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2 

ES-5 

ES/4  and  5 

Page  F-19  of  the  report  indicates  that  an  estimation  of  first- 
order  constants  for  chemical  degradation  could  not  be  made 
for  major  portions  of  Site  SS-45  due  to  the  inability  to  identify 
the  source  area(s)  of  contamination.  It  is  suggested  that  the 
contractor  reiterate  this  point  in  the  summary. 

3 

7-5 

Table  7.2-1 

The  contractor  proposes  a  list  of  groundwater  wells  in  the 
intermediate  and  deep  sands  for  an  annual  long-term 
groundwater  monitoring  program,  and  indicates  the  purpose 
for  monitoring  each  well,  either  for  detection  of  contamination 
or  to  continue  the  contamination  degradation  trend  study. 

Some  of  the  proposed  trend  analysis  wells,  such  as  Well  #19, 
have  already  shown  non-detection  of  contaminants,  hence,  it 
is  suggested  that  groundwater  wells  A39L009PZ, 

A39L01 1PZ,  A39L082DP,  A45L002MW,  SS45L001MW, 
and  Wells  #1,  #4,  #5,  #14,  #15,  #16,  and  #17  be  monitored  for 
trend  analysis.  The  monitoring  wells  proposed  for  detection 
purposes  (i.e.,  sentry  wells)  are  acceptable. 

4 

Appendix 

C 

The  laboratory  data  was  not  included  in  this  section  as  the 
report  indicated.  It  is  recommended  that  the  contractor 
provide  a  copy  for  each  set  of  documents  submitted. 
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December  17,  1999 


Mr.  Keith  L.  Casanova,  Administrator 
Remediation  Services  Division 
P.O.Box  87178 
Baton  Rouge,  LA  70884-2181 

Re:  Focused  Corrective  Measures  Study  for  Groundwater 

At  Site  SS-45  (Chlorinated  Solvents  Plume) 

England  Air  Force  Base,  Alexandria,  LA 
EPA  ID  #  LA9572124452 

Dear  Mr.  Casanova: 

The  Environmental  Protection  Agency  (EPA)  has  reviewed  the  referenced  document, 
which  was  received  by  our  office  on  September  20,  1999.  A  meeting  was  held  in  our  offices  on 
December  7,  1999,  to  discuss  the  document,  and  the  recommendations  for  the  site.  Mr.  David 
Beatty  of  your  office  attended.  We  offer  the  enclosed  comments  for  your  consideration  in 
formulating  the  Louisiana  Department  of  Environmental  Quality’s  (LDEQ)  final  comments  on 
this  Corrective  Measures  Study  (CMS). 

In  addition  to  the  enclosed  comments,  the  England  Base  Cleanup  Team  (BCT)  agreed  to 
a  number  of  criteria  for  the  remediation  of  this  site.  These  criteria  should  be  incorporated  into 
the  final  remedy  selection  for  this  site.  The  format  for  documenting  the  remedy  selection  has  not 
yet  been  determined.  This  site  is  not  currently  in  the  HSWA  corrective  action  permit  for 
England  Air  Force  Base.  The  BCT  has  discussed  the  options  of  modifying  the  HSWA  permit  to 
include  this  site,  or  terminating  the  permit  and  incorporating  corrective  action  into  an  enforceable 
agreement  of  some  type,  but  this  issue  is  not  yet  resolved.  Other  options  may  also  exist. 
Regardless,  because  this  remedy  will  require  leaving  hazardous  constituents  in  place  above 
health-based  levels,  and  restricting  the  future  use  of  the  site,  we  believe  the  remedy  selection 
process  must  include  a  public  notice  and  provide  for  a  public  comment  period  before  finalizing 
the  remedy  selection.  Therefore,  any  agreements  reached  at  the  December  7th  meeting  as  to  the 
selection  of  the  remedy  for  this  site  should  be  considered  preliminary  until  any  public  comments, 
including  those  from  the  England  Local  Reuse  Authority,  are  received  and  evaluated,  and  a  final 
remedy  selection  is  documented. 

At  the  December  7th  meeting,  agreement  was  reached  on  the  following  criteria: 

1 .  The  CMS’  recommended  remedy  for  the  chlorinated  solvents  plumes  in  the  800 
and  2500  areas,  i.e.,  monitored  natural  attenuation  (MNA),  will  be  the  proposed 
conditional  remedy. 
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2.  The  goal  of  the  remedy  is  to  restore  the  quality  of  the  ground  water  to  support 
unrestricted  uses. 

3.  The  remedy  must  continue  to  demonstrate  the  plume  is  stable,  or  shrinking, 
through  long  term  monitoring  of  a  network  of  perimeter  (also  referred  to  as 
sentry)  wells.  If  any  perimeter  monitoring  well  analysis  violates  an  MCL,  a  letter 
report  must  be  provided  to  both  LDEQ  and  EPA  within  90  days  of  the  sampling 
event,  notifying  both  agencies  of  the  exceedence.  Within  135  days  of  the  original 
sampling  event,  another  confirmatory  sampling  in  the  affected  well  shall  be 
completed  and  a  follow-up  letter  report  submitted  to  both  LDEQ  and  EPA.  If  any 
perimeter  well  is  confirmed  to  exceed  the  MCL,  the  plume  will  be  considered 
potentially  unstable  and  re-evaluation  of  the  conceptual  site  model  and  the 
appropriateness  of  the  MNA  remedy  will  be  necessary.  This  does  not  mean  the 
MNA  remedy  will  automatically  be  abandoned,  but  that  a  complete  evaluation, 
including  gathering  additional  field  data  as  directed  by  the  regulatory  authorities, 
will  be  required. 

After  consultation  with  Mr.  Steve  Acree  of  EPA’s  Robert  S.  Kerr  Lab  in  Ada, 

Oklahoma,  to  coordinate  with  comment  3.C.  of  the  enclosed  comments,  EPA 
believes  the  following  wells  (as  located  on  Figures  7.2-1,  page  7-3;  and  Figure 
7.2-2,  page  7-4  of  this  CMS)  should  be  considered  perimeter/sentry  wells  in  the 
Intermediate  Sand  unit  of  the  Red  River  alluvial  aquifer: 

In  the  2500  area:  existing  wells  #  3,  6,  7  &  8;  A39L012PZ  and 
A39L019PZ;  and  wells  to  be  installed  in  the  intermediate  sand  at  the  \ 

locations  of  A39L073DP,  A39L095DP;  and  approximately  750  feet  north- 
northeast  of  Well  #  4. 

In  the  800  area:  existing  wells  #  13,  17, 19  &  21;  SS45L005MW, 

A39L036DP,  A39L039DP;  and  wells  to  be  installed  in  the  intermediate 
sand  at  locations  A391014DP,  and  approximately  750  feet  to  the  east  of 
well  #10. 

EPA  recommends  the  following  wells  should  be  considered  perimeter/sentry 
wells  in  the  Deep  Sand  unit  of  the  Red  River  alluvial  aquifer: 

In  the  2500  area:  existing  well  A39L082DP. 

In  the  800  area:  existing  wells  #  12,  16  &  18;  A39L027DP,  A39L028DP, 
A39L002PZ,  &  A39L008PZ. 

Also,  if  any  monitoring  well  demonstrates  a  significantly  increasing  trend  in 
concentrations,  indicating  a  possible  change  in  the  site  conditions,  both  LDEQ 
and  EPA  should  be  notified. 


4.  Additional  parameters  (as  discussed  in  comment  3.B.  of  the  enclosed  comments) 
will  be  added  to  the  long  term  monitoring  analyses. 

5.  If  the  annual  monitoring  shows  no  exceedences  of  MCL’s  in  the  perimeter  wells, 
and  no  significantly  increasing  concentration  trends  in  the  interior  wells,  an 
annual  report  of  the  monitoring  results  shall  be  submitted  to  both  LDEQ  and  EPA. 
Although  not  discussed  at  the  meeting,  EPA  would  recommend  this  report  be 
submitted  within  90  days  after  the  final  sampling  event  of  each  year. 

6.  As  previously  stated,  the  MNA  remedy  is  a  conditional  remedy,  and  must 
continue  to  be  demonstrated  to  be  capable  of  achieving  the  goal  of  restoring  the 
site  to  unrestricted  use.  The  BCT  agrees  the  performance  of  the  MNA  remedy 
must  be  re-evaluated  no  later  than  five  years  from  the  date  of  the  remedy 
selection.  Based  on  the  information  presented  in  the  CMS,  if  site  conditions  are 
adequately  understood,  and  no  significant  source  of  TCE  remains  at  this  site,  the 
Air  Force  has  projected  rates  of  degradation  that  should  result  in  an  approximately 
50%  reduction  in  concentrations  of  chlorinated  solvents  at  the  site  within  five 
years.  If  this  reduced  level  of  contamination  is  achieved  (as  measured  by  the 
criteria  and  in  the  wells  identified  in  comment  3.D.  of  the  enclosed  comments), 
the  Five  Year  Review  of  the  performance  of  the  remedy  can  be  limited  in  scope  to 
data  analysis  and  evaluation  of  compliance  with  the  land  use  restrictions. 
However,  should  this  level  of  reduction  not  be  demonstrated,  a  full  Five  Year 
Review,  evaluating  the  performance  of  the  MNA  remedy,  complete  with  new  rate 
calculations  and  projected  cleanup  times,  as  well  as  other  potential  remedies 
available  at  that  time,  shall  be  performed  to  evaluate  whether  the  MNA  remedy 
continues  to  be  appropriate,  or  should  be  modified  or  replaced.  Although  not 
discussed  at  the  meeting,  we  suggest  the  Five  Year  Review  should  be  required  to 
be  submitted  to  LDEQ  and  EPA  within  180  days  of  the  final  sampling  event  of 
the  five  year  period. 

7.  All  existing  monitoring  wells  in  the  long  term  monitoring  network  “without  a 
history  of  previous  sampling  events”  (which  EPA  recommends  be  considered  to 
mean  4  previous  sampling  events),  and  all  newly  installed  monitoring  wells,  will 
be  sampled  quarterly  for  one  year,  followed  by  annual  monitoring  for  3  years. 
Existing  monitoring  wells  with  adequate  previous  sampling  events  will  be 
monitored  annually  for  4  years.  All  wells  will  be  monitored  quarterly  in  the  fifth 
year,  prior  to  preparation  of  the  Five  Year  Review.  The  Five  Year  Review  shall 
evaluate  the  frequency  of  future  monitoring  efforts.  EPA  recommends  that  annual 
monitoring  be  required  after  the  fifth  year  until  such  time  as  alternative 
frequencies  are  accepted  by  LDEQ. 

8.  Because  withdrawal  of  ground  water  would  change  the  hydraulic  conditions  of  the 
site  and  potentially  effect  the  protectiveness  of  the  remedy,  land  use  restrictions 
will  be  required  to  prevent  the  use  of  the  ground  water  in  the  Intermediate  Sand 
and  Deep  Sand  units  of  the  Red  River  Alluvial  Aquifer  within  the  remaining  land 


area  of  England  Air  Force  Base.  The  Air  Force  shall  implement  a  restriction, 
easement,  covenant,  or  other  appropriate  mechanism,  on  the  title  to  the  property, 
capable  of  being  legally  enforced  by  the  Air  Force  and  binding  on  future  property 
owners  and  tenants,  to  prevent  such  use. 

9.  As  you  are  aware,  the  Air  Force  is  required  by  CERCLA  §120  (h)  to  demonstrate 
to  EPA  that  the  remedy  for  this  site  is  in  place  and  operating  properly  and 
successfully  (i.e,  and  OPS  demonstration)  before  transfer  of  the  property  by  deed 
(as  opposed  to  a  lease)  to  an  entity  outside  the  federal  government  can  occur.  As 
discussed  in  our  enclosed  comments,  EPA  (supported  by  LDEQ’s  staff)  continues 
to  have  questions  about  the  ability  of  MNA  to  restore  the  site  to  unrestricted  use 
in  a  reasonable  time  frame,  especially  in  the  800  area.  Nevertheless,  both  EPA 
and  LDEQ  are  willing  to  select  MNA  as  a  conditional  remedy,  subject  to  meeting 
measured  performance  criteria  within  a  five  year  period.  The  BCT  therefore  has 
agreed  that,  before  transfer  of  this  area  by  deed  to  the  LRA  can  occur,  either  the 
Five  Year  Review,  or  an  intermediary  report  prepared  in  some  shorter  time  frame, 
shall  be  prepared  by  the  Air  Force  to  demonstrate  that  the  additional  data  being 
collected  is  adequate  to  demonstrate  the  remedy  is  indeed  operating  properly  and 
successfully. 

In  addition  to  the  above  agreements  of  the  BCT,  the  enclosed  comments  provide  further 
clarification  of  some  of  the  specific  issues  discussed,  and  also  request  revisions  to  the  CMS 
document.  Thank  you  for  your  consideration  of  these  comments. 

Should  you  have  questions  regarding  these  comments,  please  have  a  member  of  your  staff 
contact  Mr.  Michael  Overbay  of  my  staff  at  (214)665-6482. 

Sincerely, 


David  Neleigh,  Chief 

New  Mexico  and  Federal  Facilities  Section 

cc:  Mr.  Rafael  Vazquez,  AFBCA 

Mr.  Mike  Miller,  LDEQ 
Mr.  David  Beatty,  LDEQ 
Mr.  Steven  Acree,  EPA  -  RSKL 
Mr.  John  T.  Wilson,  EPA  -  RSKL 


December  14,  1999 


MEMORANDUM 

SUBJECT:  England  AFB,  Alexandria,  Louisiana  (98RC06-002) 

Focused  Corrective  Measures  Study  for  Groundwater  at  Site  SS-45 

FROM:  Steven  D.  Acree,  Hydrogeologist 

Technical  Assistance  &  Technology  Transfer  Branch 

TO:  Michael  Overbay,  Senior  Project  Manager 

Base  Closure  Team  (6PD-NB) 

U.S.  EPA,  Region  6 

As  requested  during  the  meeting  of  December  7,  1999,  previous  comments  regarding  the 
referenced  document  have  been  modified  to  reflect  additional  information  obtained  during  the 
meeting.  In  addition,  specific  recommendations  concerning  locations  for  long-term  monitoring 
of  attenuation  rates  are  provided.  As  previously  noted,  the  referenced  document  has  been 
reviewed  by  Dr.  John  Wilson  of  this  laboratory,  Dr.  Daniel  Pope  of  Dynamac  Corporation,  and 
me.  Dynamac  Corporation  is  an  off-site  contractor  providing  technical  support  to  this  laboratory. 
In  general,  projections  of  the  effectiveness  of  natural  attenuation  processes  for  remediation  at 
this  site,  particularly  with  respect  to  restoration  within  specific  time  frames,  should  be  considered 
to  be  highly  uncertain.  One  of  the  greatest  sources  of  uncertainty  results  from  the  fact  that 
sources  for  contamination  are  not  well  defined.  If  Monitored  Natural  Attenuation  is  incorporated 
into  the  remedy  for  this  site,  it  is  recommended  that  definitive  milestones  in  restoration  progress 
be  established  and  accompanied  by  criteria  for  triggering  implementation  of  contingencies.  Such 
milestones  and  criteria  may  be  based  on  the  projected  degradation  rates  in  this  document. 
Detailed  comments  and  recommendations  regarding  these  issues  and  other  concerns  are  provided 
below. 

General  Comments 


1 .  There  is  significant  uncertainty  in  the  projection  of  natural  attenuation  processes  at  this 
site,  particularly  with  respect  to  restoration  within  set  time  frames.  Sources  for  contamination 
are  speculated  but  not  defined.  Contaminant  distribution  is  only  grossly  defined,  due  in  large 
measure  to  the  size  and  depth  of  the  contaminant  plumes.  Geochemical  data  indicate 
biotransformation  processes  are  occurring.  However,  the  effectiveness  of  these  processes  for 
ground-water  restoration  within  a  few  decades  is  highly  uncertain  based,  in  part,  on  uncertainties 
in  the  estimation  and  projection  of  attenuation  rates. 


The  most  important  parameter  that  was  used  to  project  the  behavior  of  the  existing 
contamination  was  the  rate  of  biological  transformation.  The  report  demonstrates  that  the 
approach  of  Buscheck  and  Alcantar  to  estimate  the  rate  of  bio  transformation  was  not  appropriate 
for  England  AFB.  On  page  4-83,  lines  16  through  23,  the  authors  argue  that  there  is  no 
significant  mass  reduction  other  than  biodegradation,  and  that  the  site  can  be  described  as  a 
"large  scale  microcosm."  To  fit  a  rate  of  attenuation  to  these  "large  scale  microcosms",  they  first 
analyzed  temporal  tends  in  the  concentration  of  contaminants  of  concern  in  selected  monitoring 
wells  over  the  time  interval  from  June  1996  to  March  1999.  Over  this  relatively  short  time 
interval,  there  were  few  statistically  significant  trends.  As  a  consequence,  they  attempted  to 
estimate  rates  of  degradation  by  history  matching.  This  is  a  useful  and  powerful  technique,  and 
may  be  appropriate  to  this  site,  but  it  also  assumes  that  the  rate  law  does  not  change  over  time. 
The  estimates  of  rates  from  history  matching  are  useful  for  making  projections  of  future 
behavior,  but  it  is  important  that  these  projected  rates  be  subject  to  verification  and  validation 
through  long-term  monitoring. 

It  should  be  noted  that  the  range  of  potential  attenuation  rates  calculated  using  data  from 
the  individual  wells  at  the  site  is  large.  The  data  also  indicate  that  geochemical  conditions  vary 
across  the  site.  These  differing  geochemical  conditions  indicate  that  natural  attenuation  by 
biodegradation  may  vary  in  its  effect  at  different  locations  on  the  England  AFB,  introducing 
more  uncertainty  into  projection  of  attenuation  rate  constants.  Discussions  in  this  document 
focused  only  on  a  small  sub-set  of  the  wells.  Some  of  the  remaining  data  would  have  resulted  in 
very  low  attenuation  rate  constants,  or  indicated  that  no  attenuation  may  be  taking  place. 

In  their  analysis  and  projection  of  the  rate  of  natural  attenuation  (Page  5-5,  Table  5.3-1), 
the  authors  of  the  report  assumed  a  rate  of  attenuation  for  TCE  of  0.15  per  year,  for  DCE  of  0.15 
per  year,  and  for  vinyl  chloride  of  0.33  per  year.  For  ground  waters  that  contain  appreciable 
methane  and  iron'll,  these  rates  are  conservatively  low.  If  this  is  an  accurate  characterization,  it 
may  be  expected  that  these  rates,  or  faster  rates,  would  be  attained  over  time  during  long  term 
monitoring.  After  five  years,  a  rate  of  0.15  per  year  would  reduce  the  concentration  in  ground 
water  by  one-half.  After  five  years,  a  rate  of  0.33  per  year  would  reduce  the  concentration  in 
ground  water  by  80%.  As  discussed  below,  it  is  recommended  that  specific  criteria  for 
evaluating  restoration  performance  be  developed  based  on  these  projected  rates. 

2.  The  report  currently  conceptualizes  the  dominant  process  for  contaminant  transport  at  the 
site  as  diffusion.  Data  cited  in  support  of  this  conclusion  include  the  relatively  low  hydraulic 
gradients  in  some  parts  of  the  site  and  hydraulic  conductivities  estimated  from  slug  tests.  In 
general,  it  appears  that  ground-water  seepage  velocities  may  still  be  underestimated  and  the  role 
of  diffusion  may  be  greatly  overestimated.  However,  the  relatively  low,  and  potentially,  variable 
hydraulic  gradients  do  appear  to  result  is  relatively  low  net  flow  velocities  over  much  of  the  site. 
Exceptions  to  this  analysis  may  be  the  northern  and  southern  portions  of  the  2500  Area  where 
hydraulic  gradients  may  be  higher  and  more  consistent. 

3.  In  general,  these  uncertainties  necessitate  additional  performance  monitoring  than  would 
be  needed  for  a  remedy  that  relied  on  hydraulic  controls.  It  is  recommended  that,  at  a  minimum, 
the  following  enhancements  to  the  monitoring  system  be  considered. 


A.  Based  on  the  small  database  available  to  determine  contaminant  concentration  trends  and 
variability,  it  is  recommended  that  the  initial  monitoring  frequency  for  new  wells  be  increased 
from  the  proposed  annual  basis.  Monitoring  at  a  higher  frequency  (e.g.,  quarterly)  for  a  period  of 
time  may  better  define  the  representative  ranges  of  concentrations  in  different  areas  of  the  site 
and  determine  potential  temporal  fluctuations.  Monitoring  of  all  wells  at  the  increased  frequency 
during  the  start  and  end  of  each  review  cycle  (e.g.,  years  1  and  5  of  a  five  year  cycle)  would  also 
improve  the  evaluation  of  potential  biodegradation  rates.  This  increase  in  frequency  is  also 
useful  in  evaluations  of  potential  plume  migration.  It  is  recommended  that  the  monitoring 
frequency  and  locations  be  periodically  re-evaluated  and  increased  or  decreased  as  warranted. 

B.  Monitoring  of  only  a  limited  suite  of  geochemical  parameters  as  indicators  of  continuing 
biotransformation  processes  is  proposed.  Such  data  provide  another  line  of  evidence  supporting 
the  continued  reliance  on  natural  attenuation  processes  and  may  serve  as  indicators  of  the 
potential  for  changes  in  dominant  processes  that  affect  progress  toward  restoration  or  may  signal 
the  potential  for  additional  plume  migration.  It  is  recommended  that  other  parameters  indicative 
of  the  dominant  biotransformation  processes  affecting  the  contaminants  of  concern  (e.g.,  Fe 2+, 
S04  2',  total  organic  carbon,  and  alkalinity)  be  monitored. 

C.  It  is  noted  that  only  ten  wells  are  designated  as  sentry  wells.  Based  on  the  lack  of 
knowledge  regarding  sources  and  uncertainty  concerning  the  ground-water  flow  field,  it  is 
recommended  that  additional  monitoring  locations  be  considered  to  determine  plume  stability. 

In  the  2500  Area,  it  appears  that  additional  Intermediate  Sand  locations  approximately  750  ft 
north-northeast  of  Well  #4  and  in  the  vicinity  of  Hydropunch  location  A39L095DP,  or  between 
this  point  and  Well  #4,  may  potentially  be  downgradient  of  more  highly  contaminated  areas  and 
be  appropriate  for  sentry  well  installation.  It  also  appears  that  a  well  screened  in  the 
contaminated  zone  intercepted  by  flowmeter  test  well  #1  may  provide  useful,  long-term 
information  regarding  plume  migration,  complementing  data  available  from  the  other  intervals 
screened  by  wells  A39L012PZ  and  #6  in  this  area.  In  the  800  Area,  it  appears  that  a  location 
east-southeast  of  Well  #10  may  be  appropriate  for  installation  of  a  sentry  well,  based  on  observed 
contaminant  distribution.  Of  the  remaining  wells  currently  proposed  for  monitoring,  it  is 
recommended  that  wells  #3,  #i3,  #16,  #19,  A39L028DP,  and  A39L027DP  be  re-designated  as 
sentry  wells  to  better  evaluate  potential  plume  migration.  It  is  recommended  that  contaminant 
concentration  trends  in  the  sentry  well  network  be  used  as  indicators  of  plume  migration. 

D.  It  is  recommended  that  specific  criteria  be  developed  for  evaluation  of  acceptable 
performance  with  respect  to  restoration  progress  within  established  time  frames.  Such  criteria 
should  be  as  objective  and  quantitative  as  possible  for  determining  compliance  with  remedial 
goals.  It  is  recommended  that  the  following  criteria  be  considered  for  evaluating  restoration 
performance  in  the  most  highly  contaminated  wells.  The  concentrations  of  TCE,  all  three  DCE's 
and  vinyl  chloride  should  be  expressed  in  umoles/liter.  The  total  umolar  concentrations  during 
each  period  of  monitoring  would  then  be  subjected  to  a  log  linear  regression  of  concentration  on 
elapsed  time  to  calculate  a  first  order  rate  constant.  If  the  rate  over  the  five  year  cycle  of 
evaluation  exceeds  0.15  per  year,  with  80%  confidence,  the  progress  will  be  considered 
satisfactory.  The  most  appropriate  wells  for  long-term  monitoring  of  attenuation  rates  appear  to 
be  wells  SS45L001MW,  #11,  #15,  SS45L002MW,  and  A39L009PZ  in  the  800  Area  and  wells 


#4,  #5,  A39L010PZ,  and  A39L01 1PZ  in  the  2500  Area.  These  represent  the  most  contaminated 
wells  and  incorporate  various  mixtures  of  the  contaminants  of  concern. 

E.  As  requested,  the  monitoring  network  was  reviewed  with  respect  to  possible  redundancy 
and  elimination  of  some  of  the  proposed  wells.  Although  some  redundancy  may  be  present, 
compelling  technical  arguments  for  its  elimination  could  not  be  found  due  to  the  low  density  of 
monitoring  points  and  high  degree  of  uncertainty  in  site  hydrology  and  contaminant  source 
locations.  Contaminant  and  geochemical  trends  observed  in  wells  other  than  those  chosen  as 
sentry  wells  or  restoration  monitoring  wells  may  be  extremely  valuable  with  respect  to  projecting 
future  plume  expansion  or  critical  evaluation  of  the  present  conceptual  model.  Based  on  this 
review,  it  is  suggested  that  one  additional  existing  well  (i.e.,  Well  #14)  be  added  to  the  deep  sand 
monitoring  network  in  the  800  Area.  Samples  from  this  well  contained  the  second  highest  levels 
of  contamination  observed  in  this  part  of  the  formation.  Temporal  trends  in  this  well  may 
provide  useful  information  for  refining  the  conceptual  model  for  transport  to  these  depths. 

Specific  Comments 

4.  Executive  Summary,  Page  ES-3 

The  report  estimates  ground-water  seepage  velocities  to  range  from  less  than  0.1  to  about 
5  feet  per  year  in  the  Intermediate  and  Deep  Sand  units  and  cites  chemical  diffusion  as  the  most 
important  solute  transport  mechanism.  It  is  highly  questionable  as  to  whether  this  conceptual 
model  is  an  accurate  representation  of  site  conditions.  First,  it  appears  that  the  hydraulic 
conductivity  of  these  units  and,  therefore,  seepage  velocities  may  be  significantly  underestimated 
based  on  the  short-term,  single-well  pumping  tests  performed  during  the  borehole  flowmeter 
survey.  Second,  chemical  diffusion  will  not  result  in  the  large  areal  spread  of  contaminants 
within  the  available  time  frames  unless  there  are  perhaps  tens  to  hundreds  of  small  sources 
spread  over  the  site.  A  more  viable  conceptual  model  for  ground-water  flow  and  contaminant 
transport  at  this  site  may  be  that  relatively  low  hydraulic  gradients  exist  near  the  center  of  the  site 
due  to  the  locations  and  rates  of  recharge  and  discharge.  This  situation  may  result  in  a  ground- 
water  divide  that  is  temporally  variable. 

5.  Executive  Summary,  Page  ES-4 

The  report  suggests  that  these  diffusion-driven  plumes  may  have  stabilized.  This 
suggestion  is  highly  speculative.  If  contaminant  transport  is  indeed  as  slow  as  is  proposed,  it 
would  be  many  years  before  there  would  be  enough  data  accumulated  to  determine  if  the  plumes 
were  actually  stable.  If  the  rate  of  biodegradation  could  be  shown  to  exceed  the  rate  of  diffusion 

and  advection,  that  would  be  reasonable  evidence  to  indicate  that  the  plume  is  stable,  but  the  data 
presently  available  are  not  definitive. 

6.  Section  2. 1.2.2,  Page  2-8,  Table  2.1-2;  Section  4.1.1,  Page  4-3,  Table  4.1-1,  Page  4-4 
The  investigators  measured  the  total  iron  content  of  the  core  samples,  not  the  content  of 

iron  III,  which  is  an  estimate  of  the  capacity  to  support  biological  natural  attenuation  by  iron 
reducing  bacteria.  They  state  that  "Ferric  iron  (occurring  as  oxy-ferrihydroxide)  is  nearly 
insoluble,  and  generally  remains  sorbed  to  soil."  This  is  true.  Then  they  state  that 


"determination  of  total  iron  content  in  soil  samples  is  therefore  a  good  indicator  of  the  content  of 
ferric  iron  in  soil."  This  is  not  true.  The  work  of  Dr.  Lonnie  Kennedy  in  projects  for  AFCEE 
clearly  shows  that  much  of  the  total  iron,  in  some  cases  most  of  the  total  iron  at  hazardous  waste 
sites  is  insoluble  iron  II  as  the  monosulfide,  as  pyrite,  and  as  the  carbonate.  However,  the 
authors  do  not  make  any  calculations  with  the  measured  concentrations  of  total  iron,  or  any 
projections  of  the  behavior  of  natural  attenuation  based  on  the  availability  of  iron.  Therefore, 
the  inaccuracies  in  these  discussions  do  not  affect  the  conclusions  of  the  report. 

7.  Section  4.3.9,  Page  4-21 

The  diffusion  coefficients  of  ethene  and  vinyl  chloride  are  nearly  the  same,  and  neither 
compound  sorbs  to  any  appreciable  extent.  Fugacity  is  most  important  in  multi-phase  systems 
with  oils  and  gas,  neither  of  which  occur  in  the  intermediate  and  lower  sand  units  at  England 
AFB.  A  slightly  greater  fugacity  would  not  explain  the  wider  distribution  of  ethene. 

8.  Section  4.4,  Page  4-29,  Page  4-32,  Pages  4-34  through  4-35,  etc. 

The  report  argues  in  a  qualitative  manner  that  the  distribution  of  chlorinated  organic 
compounds  can  best  be  described  as  being  a  product  of  chemical  diffusion  from  "hot  spots" 
instead  of  advective  transport.  This  becomes  a  repeated  theme  throughout  Volume  I.  This  claim 
is  directly  contradictory  to  the  elegant  and  detailed  analysis  of  the  role  of  diffusion  in  Appendix 
F,  where  it  is  shown  that  attenuation  must  be  a  consequence  of  biological  transformation,  and  not 
simply  diffusion.  The  authors  describe  the  apparent  first  order  rate  of  transfer  of  TCE  from  a 
cylinder  having  a  radius  of  5  feet  around  a  monitoring  well  to  a  location  with  zero  concentration 
of  TCE  at  a  radius  of  10  feet.  (See  page  F-55  lines  3  through  7  and  equation  F-24  on  page  F-47). 
The  rate  of  transfer  though  diffusion  over  this  five  foot  interval  is  0.2  %  per  year  (See  Table  F.4 
on  Page  F-52  and  F-53).  Such  a  slow  process  could  not  effectively  redistribute  TCE  over  a  scale 
of  hundreds  of  feet,  as  in  seen  in  both  the  800  Area  and  the  2500  Area.  In  addition,  on  page  4-40 
line  21  and  22  the  authors  turn  around  and  refute  their  own  claim,  and  postulate  that  diffusive 
migration  has  now  ceased,  and  the  diffusive  plumes  are  stabilized.  Based  on  these  discussions 
and  analysis  of  site  data,  it  appears  that  sole  reliance  on  diffusion  is  a  poor  conceptual  model  for 
evaluating  contaminant  transport  at  this  site. 

9.  Section  4.5,  Page  4-41 

The  report  concludes  that  sources  of  carbon  at  the  site  indicate  that  the  electron  donor 
supply  is  adequate  to  allow  continued  microbial  reduction  of  CAHs.  It  is  noted  that  the  dissolved 
organic  carbon  in  ground  water  appears  to  be  quite  low  in  most  cases,  especially  in  the  800  Area, 
where  TCE  appears  to  be  persistent.  This  persistence  may  not  be  coincidental  but  may  be  related 
to  a  lack  of  bio-available  carbon  source.  Such  issues  add  uncertainty  to  calculations  of 
biotransformation  rates  and  projections  of  those  rates  to  estimate  restoration  time  frames.  In 
similar  fashion,  the  concentrations  of  fuel  hydrocarbons  discussed  on  page  4-55  are  not  great 
enough  to  influence  reductive  dechlorination. 

10.  Section  4. 5. 5. 3,  Page  4-59;  Section  4. 5. 6.3,  Page  4-66 

The  report  concludes:  "It  is  therefore  unlikely  that  DCE  and  VC  are  being  degraded 
through  use  as  electron  donors  in  microbially  mediated  redox  reactions."  It  also  concludes:  "it  is 
possible  that  VC  is  being  oxidized  under  iron-reducing  conditions  in  both  locations."  These  two 


statements  are  contradictory.  The  latter  conclusion  is  probably  correct. 

1 1 .  Section  4.5.6,  Page  4-76 

The  report  states:  "Thus  the  process  (methanogenesis)  is  not  limited  by  the  source  of 
electron  acceptors,  but  only  by  the  rate  of  reaction."  In  fact,  the  rate  of  methanogenesis  is  limited 
by  the  supply  of  electron  donor. 

12.  Section  6. 4.4. 3,  Page  6-35 

It  is  noted  that  the  pump-and-treat  system  design  used  for  comparison  of  remedial  time 
frames  would  generally  be  inappropriate  for  attempting  aquifer  restoration  due  to  the  low  pore 
volume  flushing  rate.  Increasing  the  pore  volume  flushing  rate  would  affect  these  analyses  by 
increasing  the  cost  of  this  technology  and,  conceptually,  reducing  the  potential  time  frames  for 
restoration  to  some  extent.  Such  an  exercise  may  be  useful  in  the  future  for  cost  comparison 
purposes.  However,  the  effectiveness  of  such  systems  with  respect  to  restoration  will  be 
controlled  by  such  factors  as  the  presence  of  residual  sources  and  contaminant  mass  transfer 
limitations  (e.g.,  movement  of  contaminants  into  the  principal  flow  zones).  In  general,  such 
complex  factors  are  not  characterized  and  cannot  be  effectively  modeled.  Therefore,  estimates  of 
remediation  time  frames  should  be  considered  to  be  highly  uncertain. 

If  you  have  any  questions  concerning  these  comments,  please  do  not  hesitate  to  call  me  at 
your  convenience  (580-436-8609).  We  look  forward  to  future  interactions  with  you  concerning 
this  and  other  sites. 

cc:  Mike  Fitzpatrick  (5303W) 

Vince  Malott,  Region  6 
Elizabeth  A.  Shaw  (5202G) 


